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A METHODOLOGY FOR THE INVESTIGATION OF LANDFORM- 
SEDIMENT RELATIONSHIPS IN BRITISH GLACIATED VALLEYS 
Recent progress in the understanding of the processes and products of glacial 
deposition in valleys, based mainly on work in actively glaciated environments, has led to the 
development of a general model of glacial valley landform-sediment relationships by Eyles 
(1983). Models which predict sediments from landforms can be of considerable use to 
engineers planning construction development in relict glaciated valleys, where the planning and 
execution of a ground investigation survey must yield the maximum geological Information. This 
study forms a critical review of the theory and practice involved in the characterisation of, and the 
inter-relationships between such landforms and sediments, and proposes a new conceptual 
model for their analysis, based on the case study of 7 sites In 4 British valleys glaciated during 
the Dimlington Stadial. 
Landforms have been characterised by mapping the surface morphology of a series of 
study areas using air photos and field survey. A feature-based morphological subdivision of the 
terrain was used to delineate landform associations used for further analysis. The sediment data 
from the available borehole log descriptions was initially stored in the geotechnical database 
GEOSHARE and was characterised in order to determine the main sediment facies present in 
the study area. The identification of facies groups making up the local stratigraphy was carried 
out by multivariate hypothesis testing. The plotting of the facies identified in the form of cross- 
sections and the contouring of the unit surfaces has yielded information on the distribution of 
sediment facies to compare with the distribution of landforms in the study areas in S Wales and 
the central Highlands of Scotland. 
By a process of investigation of the Iandform-sediment relationships of these glaciated 
valleys the first steps have been taken towards the identification of some aspects of glaciated 
valley sedimentary architecture, and means by which glacial terrains might be investigated using 
the information stored in the landforms. In particular it is noted how the appropriate model for 
landform-sediment relationships in a modern setting should be based on an analysis of 
postglacially 'evolved' sedimentary sequences in the appropriate local topographic framework. 
The active glacial settings used by Eyles (1983) are inappropriate as they reflect process 
environments which are subsequently heavily modified by deglacial events. 
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CHAPTER 1 
INTRODUCTION AND REVIEW OF LITERATURE 
1.1. INTRODUCTION AND OBJECTIVES 
From the earliest beginnings of the "Glacial Theory" of Agassiz published In 1840, the 
study of the formerly glaciated valley has been prominent in work on British landscape evolution. 
Amongst the dissected uplands of Britain the valley has long been a crucial environment for 
settlement and transport, and posed many difficult problems for engineering projects. In the 
search for understanding of the relict glaciated valley Iandforms and sediments, the analogy with 
the alpine valley (as the glaciers retreated during this century) has had a strong influence on 
thinking about their evolution. This conceptual model now stands in need of re-examination in 
the light of work in modern glaciated environments, and through insights from indigenous 
engineering site investigation case study. 
However, the objective of establishing the basis for landform-sediment relationships in 
glaciated valleys most of all requires the definition of a theoretical and practical basis for their 
comparison, Apse a methodology for carrying this out. This thesis therefore aims to critically 
evaluate the means of characterising landforms and sediments, and to analyse their inter- 
relationships. Whilst a comprehensive explanation of the full range of glaciated valley landform- 
sediment relationships is beyond the scope of any single study, previous work Is reviewed and 
several key parts of the valley system are examined as case studies for the application of an 
integrated set of investigation techniques. 
An essential aim of this work is to provide a measure of the utility of these techniques to 
the site investigation engineer. The variability of the sediments across the site of an 
engineering project and the relationship of the changes to the type of terrain is of crucial 
importance to the site investigation engineer in the economical and safe design of structures 
and earthworks. This study aims to evaluate the degree to which these relationships are 
determinate in rapid terrain assessments, and the means available to analyse the data which can 
be collected. Note that this emphasis also defines the scale of this methodology, constraining it 
to that of a typical engineering project le generally a few hundred metres in dimension. 
With the increasing knowledge gained from studying both the processes and products of 
glacial deposition In areas of active glaciation, considerable attention has been paid to the 
practicability of identifying the composition of modern sediment assemblages from the observed 
landforms of glacial origin. To this end Eyles (1983a) published a series of models to. represent 
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the landform/sediment relationships in a range of different environments, including one for the 
'glaciated valley landsystem'. Whilst this approach has usefully combined in one conception 
much of the accumulated knowledge on each of the environments, the model remains difficult 
to apply to contemporary sites due to the generalised nature of the proposed landform/ 
sediment relationships. Aario(1985) commenting on the arrival of these models welcomed the 
approach as "correct and pertinent", but went on to say: 
"The identification of landforms or a land system... does not always necessarily lead 
to a detailed enough identification of the subsurface properties" (p160) 
However, the formulation of a study of landform-sediment relationships in several British valleys 
glaciated during the Dimlington Stadial (Rose 1985) contains significant problems in itself, and t 
are briefly noted below. 
At the scales of interest to the engineer (say blocks of terrain hundreds of metres In 
dimension), the glacial geomorphologist must search in vain, as Aario (1985) states, for the 
specific basis upon which the landforms and sediments can be compared using any of the 
models available. In particular, it is not clear when, and under what present conditions, specific 
forms match specific sediments or sets of sediments The indeterminacy of this point in the 
published landform-sediment models leaves a legitimate doubt that this approach is useful at 
these scales, and requires evaluation. 
A part of this indeterminacy lies in the problems of characterisation of both Iandforms and 
sediments. Wide use of genetic terminology for landforms has diluted the application of certain 
terms, establishing a pervasive morphogeticism evident in the use of terms such "hummocky 
moraine", and the publishing of the descriptive basis for landform identification has become rare, 
although the publication of an INQUA Commision (Work Group 6) on "Classification of glacial 
morphological features" (Goldthwaite 1988) may arrest this trend. In this work an approach is 
suggested to the requirements of describing and interpreting small areas of Iandforms in great 
detail to act both as a detailed inventory of forms, and as the specific basis for a morphogenetic 
interpretation. 
The characterisation of glacigenic sediments has attracted a greater wealth of attention, 
with an important debate following from and instigated by the publishing of a paper in the journal 
Sedimentology by Eyles, Eyles and Miall (1983). However, this process has remained restricted 
to the problems of characterising 2D sediment exposures and little work hitherto has addressed 
the issues of 3D sedimentary architecture now so topical in related fields such as clastic 
sedimentology and geophysical stratigraphy (eg Dawson and Bryant 1987; Mayall and Astin 
1988). A major part of this thesis is devoted to the assessment of the scope for this kind of 
analysis in glacial stratigraphy, and the development of some procedures for the characterisation 
of sediments over areas to compare with landform data. 
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Note the use of the terms qii ciaenic to refer to the widest category of sediments directly 
or indirectly produced or mobilised by ice, cial to refer to sediments of direct glacial origin and 
fluvioalacial to refer to those produced in fluvial environments whose source is on or within 
glacial ice. In the analysis of stratigraphy the term sediment is used for all materials, however, 
stratum (strata)At4 to indicate a distinct sediment unit defined in a borehole description. Finally, the 
term facies is used as a local definition of any group of strata with a discrete identity, whilst 
lithofacies refers to a sediment identified and classified in a natural exposure. 
The general model of the "Glaciated Valley" proposed by Eyles (1983b) is used in this 
work as a theoretical point of departure for the study, and a detailed critique is made. The 
characterisation techniques developed here are applied to several British glaciated valleys to 
examine some of the key components of the landform-sediment relationships modelled, as 
detailed below: 
a) Strathspey, NE Kingussie- influence of regional deglaciation on landforms and the 
fluvioglacial infill of the valley; 
b) Glen Truim, Drumochter- outermost Loch Lomond ice margin and 'control' of Ice wastage 
topography; 
c) Taff Valley, Abercynon- valley confluence and origin of valley-side benches as kame terrace 
or incised valley floor; 
d) Taff Valley, S. of Merthyr Vale- recessional moraine and melt-out topography. 
It is intended that through the investigation of the landform-sediment relationships in these 
environments a detailed methodology can be developed for rapid assessments in engineering 
site investigation and the stratigraphic study of glaciated valleys. 
However, it is stressed that this work is concerned with the status of the landform- 
sediment relationships in relict glaciated valleys and therefore is not a glaciological study sensu 
stricto. The review of literature below therefore is selective and restricted to considerations 
directly concerning the modern expression of these conditions. 
1.2. REVIEW OF LITERATURE 
This review of the literature is designed to accomplish 4 main aims: - 
1. To identify the scope for genetic glacial explanations of landform-sediment relationships; 
2. To review the insights gained by engineering site investigation into glacigenic sediment 
sequences; 
3. To review the formulation and content of models of landform-sediment relationships; and 
4. To examine the means of characterising landforms and sediments of glacigenic origin. 
The experience which this work defines will be used to specify the best approaches to the main 
objectives and to illustrate the problems which required solution in this work. 
23 
In any study of the landform-sediment relationships for glaciated valleys in Britain an 
essential consideration is the recent developments in both glacial geomorphology and 
engineering site investigation towards greater exchange of data and experience. Glacigenic 
sediments have always presented special problems to engineers across the formerly glaciated 
part of the Northern Hemisphere due to their widespread distribution and complex stratigraphy 
(White 1972, Legget 1974). Eyles, Dearman and Douglas (1983) and Derbyshire (1975) show 
maps of the coverage of Britain by glacigenic sediments showing that approximately 70% of the 
landscape is covered by various sediments of glacigenic origin or orientation. Soller and Stone 
(1987) analyse a similar map prepared at the U. S. Geological Survey for the N. USA indicating 
the wide extent and often considerable thicknesses of the glacigenic sediments. 
Engineering interest springs from the need to carry out shallow excavations for the 
foundations of structures such as bridges, housing or industrial buildings in these materials, as 
well as for cut and fill operations along transport routes. Many of the aggregate resources for 
modern sand and gravel needs and concrete supplies are also quarried from terrestrial and 
marine glacigenic sediments. As the known sources of aggregate materials and the available 
new transport routes have diminished over time, the need for detailed knowledge of glacigenic 
sediments has increased. ' The legacy of engineering experience in handling glacigenic 
sediments has been the growth of a body of empirical knowledge by site Investigation 
engineers based on site investigation case histories. Workers'such as Fookes (eg 1967) have 
amassed considerable experience from their access to large scale exposures and borehole 
returns. 
A study of the problems associated with glaciated valleys by glacial geomorphologists has 
developed until recently largely in isolation from this engineering experience. From the earliest 
debate over the glacial theory of Agassiz and the foundations of glacial geomorphology, the 
research has concentrated on the study of modern glaciated environments and the explanation 
of British landform-sediment relationships sequences through progressively more sophisticated 
analogues (Eyles 1983a). The glaciated valley has always been at the centre of this work due to 
its predominance in the landscape of the European Alps and the Rockies, and the ease with 
which a simple physical model can be developed for this glacial system (Paterson 1981). An 
understanding of ice sheet behaviour has followed from recent research in polar regions and by 
the modelling of the Pleistocene ice sheets (Boulton et al. 1985), but has yet to focus on how 
landform-sediment relationships may vary in individual valleys as a result of regional ice sheet 
influences. 
The first step in any review of landform-sediment relationships therefore must be to review 
the basic glaciological controls over sedimentation in the glacial system, to determine what range 
of landforms and sediments may develop from glacigenic constructional processes. 
24 
cF 
The key concept which has been proposed and tested in the study^landform-sediment 
relationships is that processes which act over an, area generate characteristic sediment 
sequences which in turn form characteristic landforms. In pursuing the basis of this fundamental 
genetic relationship between landforms and sediments, the key area to review is the work on the 
glaciology of sediment deposition. A basic distinction can immediately be drawn between 
glaciological factors controlling sedimentation such as the basal thermal regime and the 
behaviour of the ice margin, and those controlling the redistribution of sediments or their export 
from the glacial system. 
Amongst the key factors controlling glacial sedimentation, and therefore the construction 
of Iandforms is the basal thermal regime of the ice mass. Although some recent observations 
suggest that cold based glaciers can achieve some movement over frozen beds (of the order of 
0.5mm/day-1 according to Eschelmeyer and Zh&ng = 1987), most effective subglacial 
activity relies on a non cold-based regime. A non cold-based glacier regime is indicative of active 
basal sliding and the progressive melt out of any debris entrained in the basal Ice. The existence 
of such warm or temperate basal conditions along with the nature of the glacier bed (hard or 
soft), the role of water at the bed, sediment supply and large scale ice flow geometry collectively 
define a range of glaciological conditions controlling the scale and time characteristics of 
sedimentation. 
Warm based conditions can exist due to a variety of glaciological factors including high 
average summer air temperatures leading to melting in the ablation zone, basal melting induced 
by high normal pressures (reducing the temperature at which ice melts), the rate of basal shear 
stress, and the geothermal heat flux. Basal thermal regime thus varies both spatially within an ice 
mass, and geographically according to climate and latitude (Ahlmann 1935). Within a typical 
valley glacier well defined zones exist with net freezing in the accumulation zone and net melting 
in the ablation zone below the equilibrium line (Paterson 1981), which establishes a crude 
regionalisation of activity under the ice. 
Note however that some glaciers are polythermal within the ablation zone with spatially 
variable warm and cold based conditions. This may be due to selective pressure melting under a 
predominantly cold ice mass or due to the operation of the 'heat pump' effect (Robin 1976). 
This effect occurs when the stress distribution under an ice mass changes as it moved over an 
irregular bed : when the pressure increases at a bed obstacle the pressure melting point falls 
and some melting takes place, whilst when the pressure is reduced again refreezing conducts 
heat through the bed from adjacent areas to form a cold patch. This thermal regionalisation of 
the bed can lead to the spatial control of basal sedimentation by providing nuclei for lodgement 
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of sediments; or causing the streaming of debris In the basal ice. The episodic isolation of a 
boulder or block of sediment may act as a nuckusfor further continuous sedimentation by positive 
feedback such as cavity infill (Krüger and Humlum 1981). 
However, cyclical movement or change In thermal regime can also have a powerful 
influence on sedimentation and form. Lawson and Kulla (1978) show, how the Matanuska 
Glacier, Alaska has a basal stratified ice facies with a high debris content (up to 74%), which from 
isotopic evidence appears to have developed from repeated freeze-thaw action on the glacier 
sole. This leads to the incorporation of debris in bands altering the rheology of the basal ice, 
perhaps increasing the likelihood of basal lodgement and sedimentation in the ablation zone. 
Episodic events in the basal thermal regime may also change melt-out patterns, for example the 
progressive arrival of colder ice at the base from a colder than average accumulation year in the 
upper part of the glacier may locally displace the low activity cold bed into an area previously 
experiencing net melting. 
Another of the key factors in basal sedimentation is the nature of the glacier bed: Boulton 
(1979) discussed different basal conditions including hard, soft mobile and combination beds. 
The hard bed is considered to include bed conditions where the substrate is either solid 
bedrock or thin impermeable debris over bedrock. These conditions allow for the development 
of a sharp ice-bed interface along which most of the movement takes place, and where most of 
the water throughput is in channels. This kind of bed (whilst it persists) is not a suitable site for 
the development of glacier bedforms, although considerable glacial erosion may be 
accomplished when there is an appreciable basal sediment load. Combination beds are 
associated with spatially varying basal conditions where hard and soft beds alternate. 
Most of the important sedimentation activity is considered to be associated with mobile 
beds where there is a mass of diamict at the base of the ice, perhaps the result of considerable 
basal melt out. This kind of behaviour was reported for the Icelandic outlet glacier 
Breidamerkurjokull by Boulton (1979) where he measured sediment discharge under the ice in a 
tunnel, showing that 90% of the total movement was in the debris with only 10% along the ice- 
debris interface. He also observed the greatest movement near the ice-debris interface with a 
progressive reduction in discharge down to c. 60cm. 
There was also a lateral component of subglacial sediment flow which appeared to be 
diverging from 2 higher elevations with crests c. 10m apart separated by a furrow, along which 
the strongest discharge occurred parallel to the ice flow. Several small ridges were found by 
probing running along the higher areas parallel to the ice flow direction which are suggested to 
have formed in grooves in the glacier sole. These elevation features are viewed by Boulton 
(1979) as nascent drumlins and flutes. Rose (1987) sees the drumlins as part of a bedform 
continuum extending through different scales of feature from small superimposed drumlins to 
streamlined hills, and illustrates the assemblage of forms seen in several wide valleys such as the 
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Vale of Eden. Thus, during deglaciation the declining energy profile creates optimum 
conditions for the formation of progressively smaller features, their elongation depending on the 
presence of extending (flutes) or compressive (drumlins) type flow. 
That mobile bed conditions are likely to be more widespread both now and in the past 
appeared to be confirmed by work on Ice Stream B in Antarctica (Alley et al. 1986, Blankenskip et 
al 1986 ) where seismic profiling appeared to confirm the existence of a deforming basal till layer 
of a soft saturated composition with an irregular topography as in Boulton (1979). Work on 
Storglaciaren in N. Sweden has also revealed a basal deforming sediment layer whose water 
content is sensitive to rainstorm events over the ice (Brand, Pohjola and Hooke 1987). The 
evidence therefore suggests that when a thickness of diamict is established under the ice at the 
pressure melting point, the water content of the slurry must rise to the point where mobilisation 
can occur. Mobile basal diamict clearly responds to the basal shear stress field as Influenced by 
large scale bed geometry and boulders, and glacial bedforms appear to develop under the 
conditions of debris discharge (Boulton and Hindmarsh 1987). 
The formation of glacial bedforms under mobile bed conditions clearly has a very important 
role in the constructional form of diamict accumulations and may be a general basis for the 
formation of drumlins and rolling drumlinoid surfaces. Such a feature is a clear genetic link 
between landforms and sediments, and even after additional supraglacial sedimentation may 
impart a distinctive form to the landscape. Note however, that an alternative hypothesis for the 
formation of some drumlin landscapes (Ashley, Shaw and Smith 1985) suggested that 
subglacial erosion marks were infilled with sorted sediments and subaqueous diamicts by 
catastrophic subglacial drainage. 
A key component of the controls on basal glacial sedimentation as seen above is the 
distribution and role of water at the bed. Water presence over hard beds is clearly important as 
Hallet and Anderson (1980) found that a non-arborescent channel system covered 30% of the 
former bed of the Castleguard Glacier, Alberta. Walder and Hallet (1979) found that the the 
Blackfoot Glacier, Montana had 20% of its bed cleared of sediments by meltwater channels and 
their change in position over time, with 80% of the bed hydraulically isolated with only the 
presence of a thin water film. The water isolated in the hydraulically isolated sections is an 
important control on glacial movement, as Iken et al. (1983) show that the sliding velocity of the 
ice is directly related to the basal water pressure. 
Recent extensive studies at Storglaciaren in N. Sweden have given a good profile of the 
hydrology of a valley glacier with the investigation of the lower accumulation area (Hdoke, Miller 
and Kohler 1988), the ablation area (Seaberg et al. 1988), and the moulins (Holmlund 1988). 
Drainage in the lower part of the accumulation area and the upper part of the ablation zone 
appears to be mainly englacial, crossing overdeepened basins and flowing uphill under 
pressure to surmount a rock bar. The englacial location of drainage may explain the persistence 
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of subglacial till which is not being actively eroded in this area. The work in the ablation zone by 
Seaberg et al. (1988) and Holmlund (1988) shows how the extensive englacial and subglacial 
conduits fill with water in the spring and increase sliding velocity by increasing normal pressure 
from stored water which cannot be transited quickly. Cyclical movement can result from diurnal 
changes in water pressure (Iken et al. 1983) which may initiate a positive or negative feedback 
loop for erosion or sedimentation on the substrate. 
The zones of channeling in and out of the ice have a dual role: subglacially channels 
excavate sediments but can also deposit eskers under conditions of both open and closed 
conduit flow. Hagen et al. (1983) showed that for Bondhusbreen in Norway 90% of material 
eroded by the glacier measured through a section was transported by meltwater, strong 
evidence for the importance of fluvioglacial sedimentation below and beyond the Ice: '-Thus the 
presence and distribution of water at the glacier bed is also a key factor in the survival of 
deposited sediment sequences. 
Another important glaciological consideration in the control of landform-sediment 
relationships is sediment supply to the valley glacier bed, which is controlled by large scale flow 
geometry and the delivery of sediment to the ice. Supply of debris to the glacier bed is largely 
via crevasses although some debris may reach the glacier bed via burial in the accumulation 
zone and deep icefield bergschrunds (Gardner 1987). Crevassing is usually associated with 
extending flow through the equilibrium line and over rock bars, but is also common on the inside 
of curving glacier channels (Echelmeyer and Kamb 1987). - Sediment delivery is controlled by 
the subaerial erosion of the valley walls, but can also depend on the plan form geometry of the 
accumulation area(s), when several medial moraines may deliver material to the Ice (Gomez and 
Small 1985). 
This pattern of sediment supply indicates that delivery of debris to the glacier base is most 
effective via crevasses at the margins. In a discussion with Rothlisberger (1979) on the source 
of sediments from erosion under a warm based glacier Vivian (1979) suggested that abrasion 
and plucking of the bed differed across the glacier from the centre to the margins as a result of 
greater clast supply to the margins. Debris buried in the accumulation zone may not reach the 
bed until the debris is concentrated at the base by the flow vectors carrying buoyant clasts 
towards the bed under warm basal conditions in the ablation zone (Hallet 1979). This spatial 
pattern of sediment supply to the bed in combination with other controls can influence the rates 
of erosion and sedimentation by indirectly determining the type of glacier bed developed. 
A final element of glaciological behaviour which may lead to an Influence on landforms Is 
glacier surging or tectonism. Extensive work on the surge of Variegated Glacier, Alaska in 1982- 
83 (eg. Kamb et at. 1985) has allowed surging to be closely studied: the clearest Impact on 
sedimentation is the huge input of stagnant crevassed ice into the terminal area which melts out 
in situ. Sharp (1985) showed how. when a surging glacier reaches the end of the rapid 
. 1, 
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movement phase and begins to settle onto its bed, dilatant till is forced Into the open crevasse 
pattern forming till ridges. This process imposes a form of glaciological control on the pattern of 
sedimentation. Glaciers which bulldoze their moraines can also impose a structure and form on 
the sediments as in the "saw-tooth" moraines observed by Matthews, Cornish and Shakesby 
(1979) in Norway. . 1. "j. 
Whilst much of the of the primary sedimentation associated with an ice mass occurs at the 
bed, ice marginal sedimentation also plays a vital role in the development of landforms and 
sediment sequences. Since the ice terminus is the end point of the various transport paths 
through the ice mass and is a dynamic climatically-forced margin, the patterns of sedimentation 
often closely reflect the behaviour of the ice mass. In particular the significance of ice marginal 
sedimentation lies in the distribution of materials across wide areas during the decline of glacial 
conditions as the ice margin retreats either incrementally or by phases of collapse. 
A clear subdivision of ice marginal sedimentation is between lateral/ medial and terminal 
moraine environments. Lateral moraines develop thick sequences of sediments whenever 
there is a supply of talus from the valley walls of the ice mass from subaerial processes including 
freeze-thaw shattering, debris-flows and avalanches. Lateral moraines may also accumulate 
debris from solifluction activity and local alluvial fan construction. Matthews and Petch (1982) 
show how the clast shape varies along lateral moraines, angularity increasing up glacier (perhaps 
related to distance from a major source) and how some glaciers can develop asymmetrical 
moraines, the larger one with a source facing a northerly aspect and experiencing increased 
frost shattering. 
Rothlisberger and Schneebeli (1979) show how lateral moraine complexes form in Alpine 
valleys where glacier extent is closely related to climate, and repeated advances and retreats 
occur. Lateral moraines form with steep sides towards the valley walls and the glacier, and 
accrete ridges of material proximally during subsequent advances. They also noted how the 
lateral moraines trapped solltluction lobes from the valley sides, since the margins are usually dry 
and lie well above the ice. 
Medial moraines are of considerable importance in distributing sediments over the valley 
floor. However, their composition and formation depends on several glaciological controls as 
detailed by Eyles and Rogerson (1978a) who classify medial moraines into 4 main types. Firstly, 
'ablation dominant' (below the firn line)- theseelormed primarily by the melting out of debris from 
one mass movement event which has fallen onto or into the ice to be incorporated at one 
discrete level, leading to the formation of an ice cored ridge not providing a large sediment 
supply at the terminus. Secondly, 'ablation dominant' (above the firn line)- these formed by 
continuous incorporation of debris into the ice in the accumulation zone, which, during melt out, 
form vertical zones in the ice with high debris content and deliver high volumes of sediment to 
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the terminus. Thirdly, the 'avalanche type' forms during a single event Fý, rM; n9 .a moraine 
which peters out up Ice once the initial sediment supply Is exhausted. Lastly, the 'ice stream 
interaction' type forms when 2 glaciers' lateral moraines are compressively merged and the 
debris is released on the ice from vertical shears (Eyles and Rogerson 1977). 
It can also be seen from the work of Eyles and Rogerson (1978b) that medial moraines 
have a distinct sedimentology. Much of the debris transported at the surface Is the product of 
periglacial processes, and little evidence of down glacier textural evolution was seen on the 
Berendon Glacier, British Columbia. In general the supraglacial till from a medial moraine was 
found to be both coarser and better sorted than the basal sediments. 
Much of the sedimentation associated with an ice mass however, occurs at the termination 
of the flow lines in the ablation zone. Here the patterns of ice stagnation, meltwater flow and 
sediment supply act in combination to control sedimentation: stable landforms may not emerge 
from this environment until several cycles of sedimentation and re-sedimentation occur. 
Boulton and Paul (1976) show how supraglacial melt out of debris at the active Ice margin may 
mantle active ice with a diamict, perhaps filling in topographic lows. However, once the Ice 
becomes stagnant, melting in situ leaves these diamict accumulations as mounds, with the new 
lows being filled with meltwater sediments leading to a complete topographical inver$; bn. 
Lawson (1979) estimated that at the Matanuska Glacier in Alaska 95% of sediments were 
resedimented by a variety of subaerial processes. He showed how the water content of a 
sediment newly released onto an ice slope controlled and differentiated slope movement 
leading to the development of an assemblage of flows, slides and slumps forming lobate or slab 
Iandforms. This type of sedimentation is widespread with much of the resedimentation taking 
place (controlled by slope) in small sediment basins a few tens of metres in size, until being 
ultimately dissected by meltwater flow. 
Eyles (1979) showed how the landform-sediment relationships in this environment are 
largely related to the supraglacial sedimentation in a study of several of the southern outlet 
glaciers of Vatnajokull, Iceland. He described 3 main facies formation processes for valley 
glaciers where it was estimated that the ratio of supraglacial to subglacial sedimentation was 
approximately 13: 1. The first facies (Fl) formed from heavily sediment mantled stagnant ice, and 
involved the process of 'backwasting' le -the progressive enlargement of thaw lakes and their 
infilling by mass movement leading to topographic reversal. The sediment facies formed was a 
massive diamict with some fines from the thaw lakes and was observed to produce a 
constructionally uncontrolled terrain. The second facies (F2) was noted to be a thin rubbly 
veneer of supraglacial debris, occasionally forming dump ridges with a controlled form after 
incremental retreat. The third facies (F3) is formed at ice margins where the accumulation of 
debris is frequently interrupted by flood meltwater conditions. 
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Eyles (1979) suggested that whilst F3 would form 'kame plains' at the terminus and 
frequently be destroyed, F1 and F2 tend to be preserved when they are deposited in higher 
areas. Thus, Price (1969) demonstrated at Breidamerkurjokull in Iceland that kame plains or 
kettled sandur form beyond retreating ice fronts becoming relict Inclined surfaces as ice contact 
is lost. McKenzie and Goodwin (1987) also observed the development of post collapse 
topography in the Adams Inlet area of Glacier Bay, Alaska noting that since' 1970 Ice marginal 
'kame terraces' have retreated considerably. The features are largely Ice cored and have melted 
back at an average of 4.6m per year over 17 years, and have left only a thin mantle of slumped 
debris over the lower valley slopes. 
Rogerson and Batterson (1982) . snow 
how the different structure and debris contents 
of different glaciers can alter the landforms derived from melt out processes. Thus, glaciers 
without significant supraglacial debris cover often decouple from the debris accumulations at the, 
ice margin, with most melt out from a cavity at the base of the ice front. The resultant moraine of 
melted out (largely) subglacial debris Is washed by drip and seepage and is pushed In the winter 
to generate a distinct ridge. Glaciers with. a significant supraglacial sediment cover never 
generate a cavity due to the quantity of the debris supplied and remain^; in contact with the 
sediment dump at the ice margin. The subglacial debris is extruded (perhaps under normal 
pressure discharge) into a mechanical mix with the supraglacial sediments. This generates a 
stratigraphically and morphologically complex form. 
In addition to the landform-sediment relationships described from terrestrial glacigenic 
sedimentation, note should also be made of the landforms and sediments associated with 
subaqueous glacigenic deposition, and their specific importance in some former glaciated valley 
environments where the ice terminated in a water body. 
A model by Ashley, Shaw and Smith (1985) shows the main characteristics of a proximal 
subaqueous ice margin, including the transgression of subglacial conduits filled with sorted 
sediments, debris flows into the water body, and subaqueous fans. McCabe, Dardis and 
Hanvey (1987) studied the landforms and sediments associated with this kind of environment in 
Dundalk Bay, E. Ireland. They identify platforms in the sediments as the remains of ice fans and 
also note the formation of buttresses associated with subglacial conduits, subsequently overlain 
by later sedimentation. 
A clear picture therefore emerges in the study of modern glacial environments of the 
close relationships often displayed between landforms and sediments at the time of genesis. 
An array of glaciological controls including basal thermal regime, glacier bed type, water at the 
base, sediment supply and conditions at the ice margin all operate to define specific 
assemblages of sediments and landforms formed. However, whilst their Individual operation Is 
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often well understood, their combined action under the influence of various time-dependent 
controls and differentiated spatially can produce sequences which are complex or obscure. 
The legacy of glaciation for engineering site Investigation lies in the material characteristics 
and spatial distribution of the glacigenic sediments deposited. The key factors in a site 
investigation are those which vary at a scale of tens to hundreds of metres, since these are the 
dimensions of a typical engineering scheme. Hence some of the problems of greatest concern 
to the site investigation engineer include: . 
- the sediment cover of bedrock when the sediments. are too thin to form foundations but too 
thick to allow a ready investigation of the rockhead conditions for fracturing or weathering; 
- the complexity of water movement through a suite of glacigenic sediments. Lewis and 
Rowlands (1985) discuss the difficulties of diamict permeability modelling. However the role of 
diamict water storage in'slope stability was tragically demonstrated in the Abervan disaster of 
1966 (Welsh Office 1969); 
- the presence of 'unsuitable' engineering materials which are difficult to handle such as varved 
clays within a mass of glacigenic sediments. Engineering site investigation experience has led 
to the establishment of empirical rules for the moisture contents (Transport and Road Research 
Laboratory 1979) and frost susceptibility (BS5930 1981) of diamicts used in earthworks: 
Sediments such as cobbles, or dry sands present in lenses or sheets can also add time to 
investigations and cost to excavations; 
- the existence of special aspects of structure or behaviour which may vary In space. Diamict 
ott«r acýat fabrics can show highly variable characteristics, however; manyA materials either exhibit an 
indicator of genetic make up (McGown, Anderson and Radwan 1975) . or show 
landform specific fissuring trends as in drumlins (McGown 1985, Derbyshire 1976); 
- the tendency to be deposited in an unsupported position when ice support is removed, or in 
sequences including deformable materials which may evolve a slip surface when unfavourable 
factors of safety develop. 
This is a (partial) list of basic problems associated with a glacigenic sediment accumulations which 
are of vital interest to an engineer in a!, _ site 
investigation. Most important amongst the 
application areas where glacigenic sediments, are of key importance are: 
1) Highway engineering (reviewed by Cocksedge 1983); 
2) Dam building for water resources (reviewed by Money 1983) 
3) Aggregate quarrying (reviewed by Thurrell 1981). 
Many of the conditions and problems faced in these application areas have been documented in 
glacial geomorphology, but not in terms accessible to engineers until the last 10-12 years. Many 
haft Sane 
engineering contracts have been delayed %over cost (Clayton, Simons and Matthews 1982; 
Matheson and Keir 1976) due to the lack of attention paid to these issues. However, only small 
proportions of the total contract costs (up to 2% maximum according to Rowe 1972) are put into 
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site investigation, with many problems on engineering projects being solved by trial and error 
(Carter, Wallace and Cochrane 1985). 
In large part these problems spring from a lack of understandipg of sedimentology and 
stratigraphy and an over-use of soil mechanics assumptions such as the isotropism of materials. 
The fundamental problem lies in the training of civil engineers, and Is only now being addressed 
as Fookes and Gray (1987) describe. The improvement in site Investigation practice is largely 
through the absorption of geomorphological and sedimentological techniques Into civil 
engineering at consultancy level. However, through this process many valuable lessons of 
relevance to the study of landform-sediment relationships have been learned to add to the 
weight of experience in handling glacigenic sediments. 
Whilst many of the Victorian engineers such as Telford and Brunel clearly had a working 
knowledge of glacigenic landforms and sediments, little accumulated experience seems to have 
been written down until after the Second World War. Terzhagi and Peck (1948) published an 
early book which covered soil conditions and their importance in engineering design espousing 
a technique of terrain survey complementary to the procedures of a formal testing regime, later 
expanded by Peck (1969). Further order was brought to the conduct of site Investigations by 
the formulation and publishing of CP2001 (1957) for site Investigation , which laid out the main 
procedures and methods involved in the investigation of a site. 
A pioneering investigation of the S. Wales Valleys was carried out during the 1960s and 
early 1970s through the Dept. of Geology drilling programme at University College, Cardiff. 
Anderson and Blundell (1965) looked first at the sub-drift topography around Cardiff, and then 
progressed to an investigation of the whole of the S. Wales Valleys by drilling holes to selectively 
enhance the information available from the National Coal Board on the depth of drift in the main 
shafts and under spoil heaps. Anderson (1974) published a map and analysis of the depth of 
drift and the rockhead topography, noting the formation of overdeepened rock basins and rock 
bars, and marking the position of moraine fragments. 
Work at the Transport and Road Research Laboratory has also been responsible for the 
publication of site investigation experience and guide-lines. Dumbleton and West (1974) 
covered many aspects of site investigation practice including the use of air photo techniques to 
identify the tandforms at a site. 
Up to the early 1970s most site investigation was carried out by engineer's with little 
geomorphological input, using the broad guide-lines available In CP2001 (1957). However, 
Fookes (1967) introduced a more comprehensive structure to the planning and execution of 
site investigations, and much of the growth of the use of geomorphology In civil engineering can 
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be dated from this time. A paper by White (1972) however, was amongst the first to cover 
specifically the problems posed by the stratigraphy of glacigenic sediments to engineers. 
Much of the important progress made in engineering site Investigation of glacigenic 
Iandforms and sediments since the early 1970s has however been concentrated in a number of 
major publications (often arising out of conferences), which illustrate the empirical experience of 
landform-sediment relationships developed in engineering site investigation. 
The earliest of these meetings was the 1975 meeting of the Midland Soil Mechanics and 
Foundation Engineering Society on "The engineering behaviour of glacial materials" (Hoole 
1975). This meeting was one of the first involving both glacial geomorphologists and civil 
engineers to discuss this subject, and produced a number of useful summary maps such as that 
in Derbyshire (1975) on the distribution of till, sand and gravel and glacially scoured bare rock in 
Britain. Fookes, Gordon and Higginbottom (1975) proposed a model for landform-sediment 
relationships which is reviewed in section 1.2.4 below. 
Papers by Boulton, Whalley and Derbyshire put forward the details of new glacial 
geomorphological models on the range and composition of sediments formed In glacial 
environments and their engineering properties. Boulton (1975) showed how' sediments 
acquired geotechnical properties through distinctive consolidation and shearing, and pointed 
out the importance of post-depositional sedimentological change through eluviation of fines. 
Derbyshire (1975), surveyed the distribution of glacigenic sediments in Britain relating the 
patterns to glacial history, bedrock geology and noting the importance of additional processes 
associated with glacial conditions such, as loess formation and fluvioglacial sedimentation. 
Whalley noted the 700 proximal slopes associated with some Alpine moraines, and traced their 
stability to cohesion supplied by particle bonding and some clast imbrication. 
Other work reported in this conference arose directly from an engineering ` site 
investigation. Thus, McGown, Anderson and Radwan (1975) discerned the importance of fabric 
in the tills of west central Scotland noting that fissuring in drumlins is parallel to the surface and 
conjugate around its long axis, which was considered a more important engineering criterion 
than variability of diamict composition. A paper by Fookes et al. (1975) analysed the landforms 
and sediments of the, Taff Valley deriving a subdivision of the materials encountered into 
"colluvium, kame terrace, fluvioglacial, and till" (details of this scheme are found in the case study 
of the Taff Valley In section 5.4.2). Cocksedge and Hight (1975) noted the variations of 
geotechnical properties such as plasticity and grading for upland tills in the construction of the 
M6 and those from Teesside, whilst Bevan and Parkes (1975) show the Importance of locating 
features such as buried channels and eskers in tunnelling operations. 
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The publication of BS5930 in 1981 represented both a revision of the earlier CP2001 
(1957) and its upgrading to a full British Standard. The. Standard contains a discussion of the 
overall strategy of a site investigation and some detailed technical specifications for testing 
equipment. Whilst it covers the description of sediments in some detail (section 8), it only refers 
to the value of terrain mapping in general terms in clause 9 where it states: 
"an understanding of geomorphological features may be valuable in interpreting 
the nature and distribution of soils and rocks". 
The primary objectives of site investigation are given in clause 3 of the code as suitability for 
project, choice of site design, construction, and effects of changes, where use of landform- 
sediment relationship investigations is of direct importance in the choice of site object. The 
suggested sequence of procedure is by desk study, site reconnaissance, ground investigation 
and during construction checks which only gives outline guidance on the use of geological (and 
not geomorphological) mapping. 
In the aftermath of the publication of the new British Standard, the Engineering Group of 
the Geological Society held a conference to review it in some detail section by section (Hawkins 
1986). Since the Standard could now be referred to in contracts for engineering works or 
invoked in law as an example of good practice considerable interest was shown in the 
recommendations. 
Whilst all matters of importance to site investigation were covered in a systematic review of 
the code, the areas of most importance to this work are terrain evaluation and ground 
investigation. West (1986) reviewed aerial photo interpretation as an Important means of 
assessing the morphology and morphogenesis of the site. However, a more detailed 
methodology was given by Griffiths and Marsh (1986) who suggested that aerial photography be 
followed by morphological, geomorphological and geotechnical mapping by field survey to 
assist in establishing the range of conditions which may occur in the sediments. 
A detailed review of the description of engineering soils is given by Child (1986) and 
Norbury, Child and Spink (1986), but is reviewed under methodology in section 2.2.3.2. 
This was a conference organised by engineers for engineers on the problems faced in 
site investigation when tills are encountered (Raper 1985), and attracted a wide variety of civil 
engineering case studies including work in highway construction, dam building and North Sea 
oil investigation. This recent meeting saw a number of engineers demonstrating an appreciation 
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of landform-sediment relationships in site investigation and construction as well as 
geemorphologists and sedimentologists acting as consultants. 
The experience as a engineer on the Brenig Dam during its construction in N. Wales gave 
Carter (1985) an invaluable insight into the landform-sediment relationships in this upland valley. 
Carter employed a -procedure of 'glaciological process classification' to characterise the 
landforms and sediments of the. dam site based on an Interpretation of the history of 
deglaciation, identifying the formation of an ice dammed lake, some drumlinoid glacial bedforms 
and fluvioglacial meltwater channels. A particular feature of landform-sediment relationships 
found to be of Importance was the mass fabric encountered in the materials, which in the case of 
the drumlins exposed proved to be related to the long axis of the feature, and along rhythmite 
horizons in tills. Tills identified were associated with distinct environments: thus fissured matrix 
dominant tills form the drumlinoid topography whilst the other tills form a complex of hummocky 
terrain in the zone of the former glacier dammed lake. Threedimensional facies differentiated 
block diagrams prepared for this area show that the generalised sequence over distinctive basal 
deformation till is made up from discontinuous rhythmites Interbedded in the lower part of the 
matrix dominant basal till, overlain by an undulating but continuous sheet of more clast dominant 
(perhaps supraglacial) till and a complex of fluvioglacial and glaciolacustrine sediments. Note 
however, that only the matrix dominant tills were found to have a diagnostic morphological form. 
McGown (1985) differentiates the diamicts of Strathclyde on general grounds into a melt 
out till of variable grading and density forming hummocky terrain and more consistently graded 
lodgement tills with anisotropic fabric distributions which form drumlinoid surfaces. A complex 
stratigraphy was, however, revealed in the site investigation for the Clyde tunnel where diamicts 
have a highly irregular surface cut by different ancient channels of the Clyde all trimmed by flood 
plain processes to form a low terrace today. 
Fisher (1985) used stereo obiiqüe aerial photography to map landforms in engineering 
site investigation showing the Importance of drainage In landform and sediment identification. 
Zalasiewicz and Mathers (1985) however used geophysical techniques to map the suspected 
courses of Suffolk tunnel valleys using a conductivity meter. They found that the channels had 
largely been infilled by a clay rich till lying over fluvioglacial sands and gravels. 
1.2.3.2 Published site Investigation case studies: individual publications 
In addition to the important work published at these meetings, a variety of other significant 
studies have been published specifically recognising landform-sediment relationships in 
glaciated terrains and arising out of engineering site investigations. A number of the major 
studies are reviewed here as it is impossible to look at all the work carried out in glaciated valleys. 
An area where empirical knowledge of glacigenic landforms and sediments has been 
recognised throughout the N. Hemisphere has been in the field of resource assessments, often 
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for sand and gravel deposits. Mapping of landforms and sediments has been common In 
N. America and Scandinavia for several decades with US State, Canadian Provincial and the 
National Nordic Geological Surveys preparing maps of the Quaternary deposits and landforms. 
For example the Finnish Geological Survey publish a series, at 1: 20,000, of the Quaternary 
deposits and landforms to act as planning documents for aggregate, sources (Haavisto- 
Hyvarinen 1985). Illinois State Geological Survey have also published maps and memoirs for the 
glacigenic sediments and landforms using a unique system of 'stackmaps' to show sediment 
sequences on contour maps (Kempton 1970). 
Work on sand and gravel resources has led to a number of insights into landform- 
sediment relationships in fluvioglacial environments. Work by McLellan (1971) who worked in 
the quarries of Central Scotland showed how the tracing of eskers and the identification of 
environments of deposition assisted in the planning of new face development and planning 
applications as well as the grading of the materials by their likely origin. Sand and gravel 
containing silt and clay or covered with considerable quantity of valueless sediments could be 
identified by work on the former glacial environments of the region. 
The British Geological Survey's Industrial Mineral Assessment Unit which published 
reports on sand and gravel resources between 1968 and 1983 developed a systematic 
approach to sampling resource areas at tkm grid intersections (eg Jackson et al. 1983), and did 
not use the landform information at all (Thurrell 1981). Since 1983 the reports have been 
independently commissioned by the Department of the Environment and several more detailed 
reports have evaluated the comparison of glacigenic landforms and sediments and used the 
rules derived in investigations. 
One such sand and gravel study was carried out by Crimes et-al. (1985) who described a 
resource assessment survey in the valley of the Cound Brook south of Shrewsbury. A 
geomorphological map made in advance of the main sediment investigation was used to place 
the boreholes and trial pits in areas where the landforms such as esker ridges showed promise. 
They were able to demonstrate the important role of postglacial evolution of modern landforms, 
and found the use of Iandforms greatly aided the site investigation (Brenchley and Crimes 
1985). In particular they proved that the esker ridge at Gonsal had been considerably laterally 
bevelled on its margins by fluvial or fluvioglacial action after the ice had disappeared from the 
area, such that part of the resource was hidden under a thin flood plain terrace. 
Sissons (1970) was also concerned with buried morphology In a study of the landforms 
and sediments of Grangemouth associated with the BP oil refinery development. " Whilst the 
area shows few significant landforms, subsurface Investigations revealed a complex rockhead 
topography with rockhead trenches under the Forth and Carron rivers. These buried channels 
were tilled (described from the base) with sands, a till planed by a transgressive marine gravel 
and covered along with the surrounding landscape by a flat sandy clay known as 'carse'. 
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The formal mapping of landforms and sediments at a more detailed scale In engineering 
site Investigation became more common in the 1970s with the publishing by the Geological 
Society of a code for the preparation engineering geology maps (Geological Society 1972). 
Dearman and Fookes (1974) reviewed the practice of geotechnical mapping of drainage, slope 
safety and materials in a contract, summarising earlier work on systematic geotechnical mapping 
such as that for Belfast (Bazley 1971) and Milton Keynes (Cratchley and Denness 1972). The 
potential application of this kind of site investigation use of landform-sediment relationships is 
also evident in the work of Clark and Johnson (1975) who show the benefits `arising from a 
detailed survey of the surface features of active slope instabilities, and of drainage paths 
through the sediments at a site in the Taff Valley in S. Wales, where small 'melt out basins 
containing silts and clays are an important slumping hazard. - 
The Coal Board, in particular the Opencast Executive and spoil tip safety authorities, are 
also concerned with landform-sediment relationships In areas where new pits are to be 
excavated. Case studies in S. Wales show that large scale excavation Is a good method of 
observing landform-sediment relationships. (Donnelly 1987) working in a large open cast pit In 
S. Wales showed that thick sequences of sediments (up to 35m)'can be formed at Ice margins 
composed of lodgement and melt out tills along with fluvioglacial and glaciolacustrine sediments 
highly tectonised in places. The surface expression is often of a supraglacial type with 
hummocky terrain (associated with ice marginal sedimentation), disguising the underlying 
bedrock relief. Brodzikowski and Van Loon (1987) also observed glacigenic sediments in 
opencast sites In Poland and constructed a classification of glacial and periglacial conditions In 
continental or marine conditions to define 9 sub-environments, 23 fades and 37 genetically 
distinct deposit types. Harris and Wright (1980) showed the Importance of solifluction of tills 
once deposited in a study of the site for a coal spoil tip, as this process had re-orientated the 
clasts fabric of the material down slope. 
The use of geomorphological mapping in engineering site investigation also became 
more common to supplement detailed site plans with contours, and to Interpret the overall 
sequences present from landforms mapped. Brunsden et al. (1975) pioneered such 
techniques specifically in site investigation projects, when they examined 2 areas in detail In the 
Taff Valley for large scale slope instabilities In the glacigenic sediments. They first carried out 
morphological mapping at large scales using the techniques originally put forward by Waters 
(1958) and Savigear (1965), and then compiled a morphogenetic interpretive map showing the 
main landform assemblages and possible hazards for construction on the valley side benches. 
Aerial photo interpretation has also been long used in engineering site investigation as 
work by Bergstrom (1960) showed covering the relationship between the different types of 
moraine identified on the photographs and the angle and manner of erosion of slopes to the 
type of sediments present. This theme was developed by Norman (1974) who documented the 
type of drainage patterns associated with granular permeable, cohesive impermeable and non- 
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cohesive permeable deposits, and who drew attention to the importance of tonal contrast in the 
sediments in the image. Mollard (1975) compiled an atlas of the "Landforms and surface 
materials of Canada: a guide to terrain analysis for engineering", which was illustrated largely by 
stereoscopic aerial photography, and covered glaciated landscapes In a chapter on erosional 
and depositional themes. 
The last 15 years have seen a number of attempts to formalise the work in modern glacial 
environments and developed through site investigation experience, and to state the landform- 
sediment relationships in terms of a model. The models have become progressively more 
complex through time starting from process-form hypotheses eg Clayton and Moran (1974) and 
developing towards detailed explanations of landscape evolution (Eyles 1983a). 
The original concept of terrain modelling with the analysis of common landform and 
sediment patterns was developed at CSIRO in Australia in the late 1950s by Christian (1957) and 
did not cover glacial landscapes at all. The application of the landsystem approach to 
geomorphology has been best illustrated and explained in the work of Cooke and Doornkamp 
(1974), who show how the original concept of landsystems used an agglomerative approach to 
landscape zonation. This was accomplished firstly%e identification of the unique elements 
of a landscape, secondly, he definition of land unit "recurring patterns of elements, and 
thirdly the grouping, of land units to define a landsys_tem. Note that the 'element' of the 
landsystem is a morphogenetic landform descriptor rather than a morphological one and 
involves a visual assessment of origin, often from air photos eg Verstappen (1983). 
A similar approach has been used in morphological landform description using the slope 
facet as a basic unit (slope unit of constant azimuth and a planar, convex or concave slope angle) 
pioneered by Waters (1958) and Savigear (1965), and formalised by the International 
Geographical Union Commission on Mapping as the 'Manual for detailed geomorphological 
mapping' (Demek 1972). The morphological approach to mapping has largely been used to 
identify and classify slopes by engineering geomorphologists eg Brunsden et al. (1975) whilst 
the morphogenetic approach has been widely used in Scottish geomorphology eg Gray (1975) 
to characterise landforms interpreted to be of a specific origin. 
Mollard (1975) has prepared an atlas of Canadian landscapes including both currently and 
formerly glaciated regions and provided simple block models of the basic landform assemblages 
and the broad sediment types. 
The only detailed application of terrain evaluation methodology for a glaciated landscape 
in Britain known to the author is by Lawrance et al. (1977) for an area of the Kintyre Peninsula in 
Argyll, Scotland. A landsystem scheme and model were developed first by airphoto analysis in 
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Oxford, and then secondly checked in the field by a team based In Oban. The Carradale 
landsystem was defined to be composed of tills c. 2m thick over bedrock which disappeared on 
the higher summits and thickened considerably into the valley bottoms, with streamlined glacial 
hills in places. Modern modification includes the cutting back of the till by gullying, the down 
slope movement of till by solifluction and the flooring of the larger valleys by outwash sediments. 
The outcome of this study was to show that a modification of the terrain evaluation methodology 
would be needed to deal with complex glacigenic terrains. 
An early appreciation of the value of landsystem models for site investigation was made by 
Fookes, Gordon and Higginbottom (1975) who proposed models for 3 basic glacial 
environments to assist the site investigation engineer in characterising the sediments for an 
area. 
Fookes, Gordon and Higginbottom (1975) proposed 3 main models to encompass the 
variability in glaciated terrain: 
1) The till plain landsystem- a subglacial terrain with streamlined basal till, possibly drumlinised. 
The materials range from clast to matrix dominant tills, all very poorly sorted with some depletion 
of particle sizes in the coarse sands and are usually overconsolidated. The strength of the 
materials depends heavily on preferred clast fabrics and fine content cohesive effects. 
2) The glaciated valley landsystem- a terrain confined by lateral valley walls and largely 
composed of ablation till, forming terminal, medial and lateral moraine fragments. The tills are 
assessed to be poorly sorted but with significant depletion of sands and fine gravels, and are 
usually normally consolidated. The lower proportion of fines reduces plasticity and clast fabrics 
are not strongly orientated. 
3) The fluvioglacial and ice contact deposit landsystem- is composed of the sorted sediments 
deposited under or immediately proglacially, forming eskers, kames, kame terraces delta 
moraines and kettle holes. The sediments are well sorted with occasionally well imbricated clast 
fabrics. 
These models are considered to be landform 'elements' which will normally be found 
together in front of retreating ice masses. However, Boulton and Paul (1976) note that the 
scheme proposed places features which would normally be found In close association ; 
in 
different landsystems. 
The most sophisticated Landsystem models have been developed by glacial 
geomorphologists in order to characterise complex relict glacigenic landscapes. An early and 
loosely formalised approach was by Clayton and Moran (1974) who proposed a process-form 
model for glacial margins. This is composed of 4 stratigraphically superimposed elements: 
preglacial, subglacial, supraglacial and postglacial, which may survive In various proportions to be 
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mappable in modern form. The landform continuum Is stressed requiring the mapping of terrains 
not individual landforms. 
A variety of approaches have been made to relate landforms to sediments in regional 
studies. Thus, for example Habbe (1979) reviews the relationships between landforms and 
sediments in Bavaria in the area of the classic Penck and Bruckner glacial model, and concludes 
that the relationships are more characteristic of glacial retreat tha, i advance. Raukas and Tavast 
(1980) review the landform-sediment relationships in Estonia demonstrating a strong 
connection between the bedrock relief and the location of particular features. Hart (1988) 
reviews the tectonism at the margin of the southern N. Sea lobe of the Dimlington Stadial ice and 
its expression as the Cromer ridge in N. Norfolk. 
However, the first comprehensive landsystem model for glaciated terrains was published 
by Boulton and Paul (1976). This study formally integrated field studies in actively glaciated 
environments (Svarlbard and Iceland) with the geotechnical problems of investigating glacigenic 
sediments in relict glacigenic landscapes. 3 models of glacial landsystems were proposed: 
1) Subglacial landsystem; 
2) Supraglacial landsystem; 
3) Glaciated valley landsystem. 
The subglacial landsystem was a model of the landscape formed from former glacier beds where 
the landforms are largely bedforms and meltwater related. The supraglacial landsystem was 
developed to describe the terrain reversal (described above section 1.2.2.2) caused by the 
stagnation of heavily debris mantled ice in situ, and is rarely found outside certain limited areas in 
Britain where large scale stagnation took place. 
The glaciated valley landsystem was proposed to formalise the landform-sediment 
relationships in former glaciated valleys, specifically within the ablation zone and where the 
bounding rock walls are steep and containing. This model was further refined in Boulton and 
Eyles (1979) and applied to the behaviour of several outlet glaciers of Vatnajokull In Iceland 
(Eyles 1979). This model will be reviewed in detail in section 1.2.5 below. 
This approach to modelling glacigenic terrains was extended to mapping Britain by 
landsystem type in Eyles and Dearman (1981), showing the collective dominance of the 
subglacial and glaciated valley landsystems over most of Britain, except the Cheshire- 
Shropshire plain area of supraglacial landsystem. A definitive treatment of all these models was 
given by various contributors in'Glacial Geology' edited by Eyles (1983a), where an attempt was 
made to Integrate the landform-sediments insights with the needs of engineering site 
investigation. 
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Since the glaciated valley, both modern and relict, is a well developed and common glacial 
environment there have been many studies of its landforms and sediments. The work of Eyles 
(1983b) consolidated earlier work by Fookes, Gordon and Higginbottom (1975), Boulton and 
Paul (1976) and Boulton and Eyles (1979) in the specification of a'Glaciated Valley landsystem' 
to combine this work into a guide or hypothesis on the nature of the landform-sediment 
relationships. In this review the Eyles (1983b) model is described and a critique made, and other 
ephemeral and regional work on landform-sediment relationships In glaciated valleys 
considered. 
..,. 
1.2.5.1 Glaciated Valley landsystem model: an exposition .ý 
The glaciated valley landsystem model is intended to be generally applicable to alpine 
mountains and "upland areas where the pattern of sheet flow was locally dictated by valleys" 
(Eyles 1983b, p91). The key components of the model are shown in figure 1.1 and given as: 
1) Bedrock form; 
2) Typical sediment sequences and associated landforms; 
3) Postglacial modification of the valleys. 
Bedrock form is considered to be influenced by enhanced glacial erosion along valley sides and 
on the valley floor, leading to a stepped long profile consisting of overdeepened basins and 
rock bars of resistant rock types. Subglacial meltwater erosion is also noted to have an important 
role in cutting channels in rock. The powerful discharge of ice in coastal maritime valleys can also 
overdeepen bedrock profile below sea level, up to 300m in Loch Morar in Scotland and 1700m 
is known in places world-wide. Along the valley side coalescing fans may mask an as, anmetrical 
rockhead cross profile where gorge sections are common. 
Typical sediment sequences and associated Iandforms are divided by Eyles on the basis 
of: - .. _ 
1) Origin- subglacial or supraglacial; 
2) Location- along the valley floor or at the margins; 
3) Control of sedimentation-, plan orientation controlled or uncontrolled relative to original Ice 
flow direction. 
., -. 
Whilst some areas of subglacial dominated terrain are illustrated in Eyles' glaciated valley model, 
the dominant mode of sedimentation is considered to be supraglacial, by virtue of the abundant 
source of talus from the valley side and valley confluence exposures, forming lateral, medial and 
terminal moraines. ,I I' -. 
The two primary locations of sedimentation are identified by Eyles as being the valley floor 
and the valley margins. Supraglacial sedimentation on the valley floor is largely in the form of a 
medial moraine end-dump. ' Medial moraines which are ice cored upon deposition form by 
covering and isolating stagnant ice with coarse grained supraglacial diamict as the general Ice 
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front retreats up valley. During ice melt the ice cores progressively collapse forming kettle holes, 
with steep sided mounds and ridges composed of coarse grained supraglacial diamict 
developing along the line of any medial moraines. The thickness of the coarse grained 
supraglacial diamict available to, mantle the ice is often enhanced In the terminal zone by the 
compression of the active against stagnant ice and moraine debris. ý. 
Alternatively medial moraines may be deposited as a thin and dispersed bouldery cover 
which is not ice cored. This pattern of sedimentation results from a smaller supraglaclal sediment 
load shed from the front of a retreating ice front. 
Eyles considers that the ice cored medial moraines form a 'controlled' style of landform 
association (Gravenor and Kupsch 1959) having a plan form long axis orientation in the landform 
constructional form either parallel or transverse to the ice flow. The original orientation may be 
parallel to the ice flow as ice cored moraine ridges which are then pushed during winter to form 
transverse lineated ridges. With a zone of semi-controlled topography of medial moraine origin 
forming a dam on the valley floor, Eyles considers that slow up valley retreat can generate areas 
covered with this landform assemblage by a process he terms 'incremental stagnation'. 
Supraglacial sedimentation at the valley margin is divided by Eyles Into the processes and 
landforms typical of active and deglacial times: Ice marginal sedimentation and landforms during 
active glaciation are dominated by the formation of a lateral moraine: several phases of glaciation 
may generate multiple or overlapping superimposed landforms (Karlen 1979, Rothlisberger and 
Schneebeli 1979). Lateral sedimentation is dominated by the processes of melt out or sliding, 
and the sediments often have a characteristic clast fabric at right angles to ice flow and down 
away from the centre of the glacier, sub-parallel to a crude imbrication or bedding in the 
sediments. A limited amount of ice marginal meltwater action outside the lateral moraine is 
expected to deposit some sorted sediments. 
In the retreat phase of the glacier as it thins, meltwater streams are described as occupying 
the troughs at the ice margins and deposit large quantities of sediments. ' The sediments 
deposited are a complex mix of sands and gravels from channels, laminated silts and clays from 
pools and some blocks of coarse grained supraglacial diamict and valley side talus, occasionally 
with large buried blocks of ice. Eyles proposes that this set of sediments form the outermost 
layer of a group of facies offlapping the bedrock valley walls (see Inset in figure 1.1). The next 
layer towards the valley centre is coarse grained supraglacial diamict in the form of an abandoned 
lateral moraine, and area next to the ice are melt out and collapse sediments. This group of 
facies are considered to be the main constituents of kame terraces left as benches in formerly 
glaciated valleys: Eyles also suggests that terrace flights can be formed as the glacier thins. 
In summary, the Eyles model of glaciated valley sediments and Iandforms emphasises the 
role of supraglacial sediment origin (with some subglacial terrain remaining beneath the 
sequence) at both valley margins and on the valley floor. The landforms are often 'controlled' 
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especially in medial moraines and ice cored ridges, with some uncontrolled sedimentation 
resulting from thrusting across the ice front. 
This model of glaciated valley landform-sediment relationships is complemented by a set 
of processes which act to degrade these features over time. Oversteepened slopes, are 
dissected rapidly in postglacial times with slope base fan development by fluvial and debris flows 
termed paraglacial by Ryder (1971). Church and Ryder (1972) discussed the fluvial processes 
directly conditioned by glaciation of valleys: they calculated the infill of Ekalugad Fjord, Baffin 
Island since glaciation had produced 150-300 tonnes of paraglacial material per km of 
contributing watershed since glaciation. The main fluvial drainage will incise into the paraglacial 
fan infill developed leaving terraces, as reported in the Bow Valley in the Canadian Rocky 
Mountains by Eyles, Eyles and McCabe (1988). 
Fluvioglacial valley infill may also be important in postglacial valley development with the 
high discharge of meltwater during deglaciation. Braided meltwater channels migrate across the 
valley floor and erode the primary glacigenic landforms, with channels often being abandoned 
by renewed downcutting. The flow regime of these'streams Is episodic with violent floods such 
as the Icelandic jokulhlaups (Nye 1976), superimposed on the diurnal range of the ice melt. 
I 
Miall (1983a) reviews the landforms and processes of the fluvioglacial outwash 
environment describing the change of conditions from the proximal, where aggradation and 
lateral accretion of longitudinal bars is common (Scott type), to the dista(where sandy ling uI old 
bars dominate (Platte type). He notes the association of the Scott type environment with coarse 
gravels (Gm) and strong clast imbrications, and that the narrow bars formed are usually bounded 
by cut channels. The Platte type environment however, is formed predominantly of St, Sp type 
sand facies and typically forms wide (up to 150m) bars. Note that the Platte type sediments may 
accumulate between 1 -10km from the ice front depending on the"discharge and slope. 
Ice or moraine dammed lakes may also form in the valley leading to the deposition of 
laminated clays and silts in depressions (Ashley, Shaw and Smith 1985). Ice rafting of clasts may 
lead locally to the formation of waterlain diamicts, and glaci-sediment flows off melting ice may 
descend into water: 
1.2.5.2 Glaciated Valley landsystem model: a critique 
The models described above by Lawrence et al. (1977), Fookes, Gordon and 
Higginbottom (1975), and Eyles (1983b) have all served a very useful purpose in drawing 
together existing knowledge and simplifying the mass of observations on this subject world- 
wide. However, these models are not universally applicable or useful at all scales, and several of 
the central assumptions can be questioned. The following critique will examine the problems 
and draw attention to some of the many hundreds of empirical studies which are relevant. 
xj 
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A key consideration for the universality of a glaciated valley landform-sediment model is 
the rockhead topography. Whilst. the variability of rockhead conditions along and across the 
valley is stressed by Eyles (1983b), this variability is not considered to be sufficient to warrant 
either the need for a variety of models or changes to the, general model itself, although Eyles 
(1987) and Eyles, Clark and Clague (1987) have subsequently published other scenarios of. 
glaciated valley sedimentation. There is a variety of evidence that rockhead topography does 
not usually conform to the simple U-shaped cross profile or continuously downwardly graded 
long profile, and that these assumptions are the exceptions not the rule for glaciated valleys. 
Work by Money (1983) on dam building in formerly glaciated valleys in Britain suggests a 
classification for common valley cross and long profiles: 
1. Long Profiles- 
a) Normal: slopes continuously downward along its length; 
b) Dammed: obstructed by rock bars. 
2) Cross profiles- 
a) Symmetrical: symmetrical about the centre of the valley; 
b) Asymmetrical: not symmetrical and modern river not centred 
c) Divided: divided by a rock ridge. 
3) Comes 
When these valley description criteria are considered together, the effects of the long profile are 
taken by Money (1983) to be the key criteria leading to the following classification of rockhead 
conditions: 
- Normal valleys (symmetrical/ asymmetrical/ divided) 
- Dammed valleys 
- Comes 
Several important implications for sedimentation and hence landform-sediment relationships in 
all but the normal symmetrical valleys follow from this scheme. Clearly in the case of a divided 
rock valley the scheme of sedimentation would be considerably disrupted by 'crag and tail' 
features with a mixture of basal sediments and supraglacial deposits. 
In a detailed study of the sub-drift bedrock form of the Lower Clyde valley in Glasgow 
Menzies (1976,1981) showed how the valley is frequently oversteepened on only one bank 
(asymmetrical), for example at Necropolis Hill. The Implications for sedimentation are that the 
normal pattern of lateral moraine development may be absent due to the enhanced scour at 
spurs, and that paraglacial infill may never achieve significant proportions since sediment supply 
on a scoured slope will be limited. 
Work by Anderson (1974) on the rockhead long profiles of S. Wales valleys demonstrated 
how common dammed valleys of both normal and asymmetrical form can be. Almost all the 
valleys from the Vale of Neath to Newport are dammed by usually more than one rock bar along 
its length. AI-Saadi and Brooks (1973) showed in detail how the Vale of Neath was both 
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dammed, divided and asymmetrical from geophysical work on and offshore. The Implications for 
sedimentation patterns and landform-sediment relationships are highly complex and the 
resultant features would only partially fit Eyles' model if at all. Rock bars In dammed valleys often 
form preferential sites for recessional moraines marking an important hiatus In the retreat up 
valley and the associated sedimentation (the Columbia Glacier, Alberta has this form today for 
example after a steady retreat since c. 1880). Following the halt at a rock bar further retreat is 
often marked by the impounding of meltwater and the avalanching of the whole snout. The 
snout often eventually breaks up completely and develops a proglacial lake in which 
glaciolacustrine diamicts form proximally to the ice front and varves form at a greater distance or in 
other ice fed lakes. 
The sedimentation patterns which Eyles (1983b) describes for the valley marginal 
environment cannot be considered universal either due to the widely varying conditions which 
occur at the edge of the ice. Eyles'theory of offlapping lateral moraine formation assumes that a 
valley side trough exists to act as a corridor for ice marginal meltwater flow. This is by no means 
universally the case, as often the water table Is lower than the Ice surface even at the margins 
(Storglaciaren, N. Sweden Seaberg et al. 1987, and Unteraagletscher, Switzerland Iken et al. 
1983) and drainage Is through a subglacial network. The sequence of sedimentation events is 
also vital in the development of Eyles' characteristic offlapping sequence: , 
if, an Ice marginal 
drainage is not well developed or is lost to a well developed subglacial network, the sorted 
sediments that Eyles shows stacked against the bedrock (figure 1.1) may never develop. 
The development of the offlapping sequence also assumes that the ice margin is stable 
and non-tectonised. Ice masses trapped against the valley side by a down valley valley-side 
obstacle can often be sheared away from the main trunk flow perhaps along debris from the 
valley walls, as Raymond (1971) showed that a lateral decline in flow velocities occurs due to 
friction. If this is the case the valley side ice can become stagnant and will not be a renewable 
source of supraglacial and melted out englacial load for the construction of a lateral moraine. 
As a further variable factor lateral moraines developed In glaciated valleys may be 
constructed at an early stage in deglaciation or during colder more vigourous glacial stages and 
be abandoned above the ice where they become relict features. Whalley (1975) has described how 
due to their strong particle bonding and preferred clast fabrics, these features are often highly 
stable and stand at very high angles(slopes up to 700) above the ice in the Alps. These lateral 
features may limit the role of ice marginal meltwater flow and sedimentation. 
quasý; onIP 
Whereas there are glaciological grounds fo^the universality of Eyles' model as 
shown above, there is also a range of views on the final form which the valley margin 
sedimentation may take. Few lateral moraines of the kind seen in modern glacial environments 
survive in that form: most are overrun by down slope sediment movement in the form of slips, fan 
development and solifluction creep (Rothlisberger and Schneebeli 1979). Eyles (1983b) 
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argues that the composite feature which results from this evolution from ice marginal to 
paraglacial sedimentation feature Is a kame terrace. However, using this term for a landform with 
such a diverse sedimentary history WM Aa huge scope for the accumulation of materials reduces 
landform-sediment relationships tö a highly generalised form with a low predictive use., 
A case study in the Wheeler Valley, Clywd illustrates the differing Interpretations which 
arise from the use of undefined terminology to describe the origin of benches in formerly 
glaciated valleys. Early work by Embleton (1956) in mapping the Wheeler valley suggested the 
previous formation of a large glacially dammed lake, and 2 levels of terraces were identified in 
association. Derbyshire (1962) in an alternative interpretation could find no evidence to define 
distinct terrace levels and pointed out the existence of kames and eskers. Later detailed 
mapping by Brown and Cooke (1977) showed a series of undulating and unmatched benches 
which were tentatively suggested to be kame terraces despite the fact that in places they are 
separated by only 200m horizontally. 
Sedimentation and the resultant landform patterns on the valley floor are also subject to a 
wide variety of interpretations in addition . to those provided in the models. In particular the idea 
of incremental rather than areal stagnation is strongly challenged by a number of authors. 
The extensive work of J. B. Sissons (summarised in Gray and Ballantyne 198I) on the 
landforms of glacial origin in the Scottish Highlands has consistently argued that the widely 
described deposit known as hummocky moraine is a product of areal stagnation of ice. This 
material usually occurs within the margins of the Loch Lomond Stadial advance which 
established an ice cap across the mountains of the western and Central Grampians (Thorp 
1987), and often on valley floors or lower slopes. Detailed work by Hodgson (1982,1987) on 
the hummocky moraine of the Coire a Ceud Cnoc in Torridon suggested that these landforms 
were developed by the overriding of the very coarse sediments by a sluggish ice advance, 
being shaped by subglacial processes, and did not originate by areal stagnation and supraglacial 
melt out. 
In another paper Eyles (1983c) specifically compared the landforms of Coire a Ceud Cnoc 
with those of the Morsarjokull in Iceland today (a suggested climatic analogue for the Scottish 
Loch Lomond), and suggested that incremental stagnation of the ice front was the genetic 
mechanism of hummocky moraine formation. A visit by the author to both of these locations 
highlighted the lack of clear recessional moraine evidence at Coire a Ceud Cnoc in comparison 
to those at Morsarjokull which would be evident even when any buried ice has melted. 
The debate about valley floor sedimentation is focussed on the question of landform 
control, that is the orientation of the landform constructional long axis parallel or transverse to the 
flow of the depositing Ice. Sissons (1974) argues that apart from in areas of fluted 
moraine there is generally no control, whilst Eyles and Hodgson argue for iýalthough suggesting 
different mechanisms. For the Eyles (1983b) origin to be supported a form of accumulation of 
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supraglacial sedimentation must have occurred around remnant Ice cored ridges. This Is 
unfortunately very difficult to test since valley floor landforms have low preserval; o»` potential 
due the active development of many flood plains during the postglacial period. 
The sediments described as being deposited on the valley floor are widely considered to 
have a massive structure due to their likely supraglacial origin (Eyles 1983c, Sissons 1974). 
Hodgson (1982) carried out a detailed sedimentological analysis of the sediments, finding the 
materials in Scottish Highland valleys to be coarse and slightly gap graded with a preferred Glast 
fabric along the axis of the landforms, which he interpreted as indicating a subglacial origin. 
All the models of the landform-sediment relationships in glaciated valleys recognise the 
importance of postglacial landscape change in the evolution of the terrain and Eyles (1983b) in 
particular suggests actual forms which modifications will take. However, the scale of this 
modification may have been understated if a study by Wright (1983) Is more widely applicable. In 
a study of the landforms and sediments of the Upper Clydach Vale, S. Wales Wright identified 
sequences of paraglacial slope sedimentation into the valley and across the valley floor up to 10- 
15m thick composed of clast supported diamicts. This Is similar to the type 4 fan identified by 
Ryder (1971) as it Interdigitates and partly overlies sorted and fine bedded sediments perhaps 
related to a proglacial lake environment. This action has buried the landforms and sediments of 
glacial origin, and redrawn the terrain: where the neighbouring valley walls are steep and the 
valley is narrow (width <1km) this situation may have wide importance. These events produce a 
form of fan or apron development at the foot of the valley sides and right across the valley floor, 
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which is then incised by the modem river this scenario a landform which is a Holocene 
analogue for a kame terraces is Produced1 4 
The process of dissection when applied to the valley side is also significant in the 
development of new suites of landforms from the glacigenic terrain. These steep valley sides 
covered in drift may be rapidly eroded (Voight 1978) by slides, avalanches and debris flows 
leading to a valley side gullying and perhaps channel braiding due to the high sediment supply. 
Valley floors are also frequently swept clear of glacigenic landforms and the sediments 
completely reworked when braided meltwater streams are active perhaps with only landforms 
and sediments of the lower valley side slopes being preserved. Work on the active Markafljot 
sandur in Iceland (Haraldsson 1985) indicates how effective this process can be, with the valley 
being infilled by several hundred metres of sorted sediments during the Holocene and with few 
glacigenic features from 
Pleistocene 
glaciation remaining other than perched outwash terraces. 
Sediment sequences are also altered considerably by subsequent periglacial activity with 
these processes destroying most of the glacigenic features. Jones* and Derbyshire (1983) 
show how sediments can be strongly disturbed by periglacial ground Ice action, and how iron 
compound cementation of Pleistocene gravels can lead to considerable strengthening of 
materials. Landform-sediment models often suggest that a distinct morphology can be used in 
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sedimentological reconstructions: work in the East Midlands shows how often planar terraces 
can conceal sediments of great stratigraphic complexity, overlying Incised bedrock. Solifluction 
action can also mantle deposits with a strong constructional topography with a sheet of materials 
removing the genetic link between landforms and sediments. 
A final element of a critique of landform-sediment models should consider scale. All of the 
models proposed for glaciated valleys implicitly apply to valleys large enough to support a glacier 
with well defined accumulation and ablation zones occupying a distinct bedrock trough which 
delivers sediment to the glacier surface. This model is therefore Inapplicable to corrie glaciers 
which may have an almost circular form, seasonal rather than spatial patterns of accumulation and 
ablation, and simple patterns of flow. The glaciers must also be smaller that the fast ice streams 
known from the Antarctic and Greenland ice sheets which have some unique features especially 
their considerable width (up to 30km). These may include the greater importance of subglacial 
activity (Alley et at. 1986; Blankenskip et al. 1986) due to the scarcity of supraglacial debris from 
any nunataks, and the tendency for them to end in the sea as calving ice fronts or Ice shelves. 
Their sedimentological legacy iss however, unclear as their identification In the Pleistocene 
record is very difficult, especially since many of the largest valleys near areas likely to have 
experienced high discharges are now submerged due to the overdeepening of the bedrock 
troughs. 
The Eyles (1983b) model Is therefore aimed at characteristic large valley glaciers possibly 
with ice cap accumulation areas, with a terrestrial margin, and mostly warm based. This analogue 
has been pursued largely to explain the origin of landform-sediment relationships In valleys 
glaciated during the deglacial phase of the Dimlington Stadial, when through Ice thinning, Ice 
sheet conditions were replaced by ice flowing through adapted topographic troughs 
determined by general ice surface slope driving stresses. Thus, Young (1978) shows how ice 
marginal meltwater channels can descend in flights down the valley sides following the thinning 
ice, destroying or supplementing any steady state ice marginal sedimentation. 
In order to analyse landform-sediment relationships in detail it is first necessary to be able 
to characterise them objectively. Whilst the techniques for data collection and analysis are 
detailed in chapter 2, this section reviews the major approaches used by other workers and 
considers the optimum procedure for their study. 
1.2.6.1 Approaches to the characterisatlon of Iandforms 
Glacigenic landforms have been noted and described throughout historical time with 
some modern geomorphological terms derived originally from ancient words for features such as 
drumlins (Gaelic: druim= a small round hill). Travellers such as Morris (1871) and scientists such 
as A. Geile (1882) also produced notable early accounts of journeys'in Iceland and Norway 
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respectively, whose reports can still be used today in reconstructions of glacial terminal positions 
such as that seen in recent work on the Little Ice age by Grove (1988). However, a detailed 
analysis of glacigenic Iandforms for modern analysis requires a more rigouro, s approach which 
recognises that the landscape is a continuous surface composed of various parts of different 
genetic origin. 
Two fundamentally different approaches have been proposed to record landforms In 
geomorphological work. The primary problem in choosing an approach is that of deciding how to 
sample a continuous terrain: the first main approach samples the terrain to produce a regular grid 
of altitudes above a datum (digital elevation models); the second subdivides the terrain Into 
internally consistent units of morphology whose boundaries and characteristics are directly 
recorded (feature based maps). 
Evans (1979,1980) has adopted the first approach using a structured sampling of the 
terrain to produce a grid of altitudes and generating maps for the derivatives of altitude, such as 
aspect and slope curvature. This can also be obtained by survey but is usually gathered by 
photogrammetric measurement from air photo coverage (Wolf 1979). Once obtained, this grid 
of altitudes can be handled by any standard terrain modelling package (reviewed by Petrie and 
Kennie 1986) to produce a contour map or a 3D block model of the terrain. Evans (1980) 
rejected the feature-based approach on the grounds that it cannot be fully objective. However, 
the decision on a sampling density of altitudes must also be subjective. 
Geomorphological interpretation of the terrain can be obtained by mapping derived 
landform surface characteristics such as slope angle, azimuth and plan and profile curvature (e. g. 
Mark 1975a & b). As an application of this approach Newell (1970) sampled a regional surface 
using a superimposed grid and calculated the slope and orientation for each point to determine 
whether the dominant orientation in the terrain was glacial or structural in origin for an area in 
Vermont, USA, plotting the vectors of slope on a, lower hemisphere stereo plot. 
However, whilst the methodology of this approach Is largely objective the technique is not 
appropriate for the characterisation of glacigenic landforms over small areas. Firstly, the sampling 
of altitudes requires very high densities of points which are difficult to derive from air 
photographs due to scale limitations and difficult to survey logistically, generating considerable 
data redundancy. Secondly, the representation of this grid data Involves a generalisation of the 
landforms by the fitting of a polynomial surface to the data when they can be represented 
exactly. Thirdly, this technique at present cannot represent very rough surfaces adequately, 
and derivatives of grids can only be made for 8 directions (Craig 1982), which generalises the 
landform orientation information. 
The second approach uses a feature-based subdivision of the terrain Into units (Cooke 





depending on the approach to the characteristics chosen. This data can also be obtained from 
air photographs using a stereo viewer or collected directly in the field. 
A morphogenetic approach to landform characteristics is a widely used technique in 
geomorphology, both in the geomorphology of actively glaciated environments (e. g. Price. 
1969, Matthews 1974, Dowdesweil 1982) and in formerly glaciated environments where 
landformsVediments are well preserved (e. g. Sissons 1974, Brown and Cooke 1977, Aario 
1977) This approach involves the mapping of individual landforný6sediments or associations 
over an area onto a base of cadastral or topographic detail. Cooke and Doomkamp (1974) show 
examples of this approach in a variety of environments including a detailed key for landformsa. 
sediments of glacial origin and of glaciological features for actively glaciated environments. Note 
however, that this approach relies on the interpretation of landform origin at the mapping stage 
and the map produced cannot be reinterpreted as if it does not reproduce the original terrain. 
A morphological approach to mapping landform sediments) howeveraims to represent the 
landforms and terrain as objectively as possible in a feature-based subdivision. Savigear (1965) 
introduced a technique for subdividing the landscape Into facets with a constant planar slope 
angle and azimuth or with a constant concave/ convex slope, with each facet separated from the 
others by a break (sharp) or change (diffuse) of slope. This technique can proceed to map a 
terrain using a hierarchical subdivision by break/change of slope proceeding to a level of detail 
set by the objectives of the study. The resulting map can be used to Identify Individual landform 
sediments by grouping slope facets or can be analysed as a segment of terrain depending on 
the assumptions employed about terrain subdivision. 
The advantage of the technique is that the approach Is highly data and scale dependent 
and provides good information on features and not on altitudes. The disadvantages are that the 
technique is time-consuming and difficult to carry out completely objectively: however, 
glacigenic terrain is rough in general and doesn't give rise to the problems encountered in 
smooth rolling areas. The approach is best suited to the study of small areas of terrain at (very) 
large scales where subtle morphological changes can be mapped. 
Adoption of the morphological approach can be used as a precursor to morphogenetic 
mapping (Cooke and Doornkamp 1974). This then provides a firm descriptiv basis for 
morphogenetic interpretation and mapping: publication of both allows other interpretations of 
the original data. The morphological approach to feature-based mapping can also be rendered 
as a terrain model using the facets as elements in a triangulated irregular network. Dikau (1988) 
used this approach In new research to automate the process of compiling the W. German 
1: 25,000 geomorphological map. 
also 
Gardiner (1983)^used this approach to analyse the geomorphometry of single Iandforms 
including drumlins, and also cirques and valley cross sections. In Cannock Chase, Staffordshire 
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such a study of morphology showed a pronounced cross valley asymmetry, which was explained 
as resulting from the effects of enhanced periglacial processes on the north facing slopes. 
Glacigenic sediments 'pose special problems particularly In the description and 
identification of diamict sequences. The key objectives In glacial sedimentology are to define 
facies and to trace their distribution and 3D form. This section reviews the major approaches 
used and considers the optimum procedures for this study. 
The central question which arises in the characterisation of glacigenic sediments Is what 
parameters of the material to record and which to use to subdivide the sequence. Two major 
approaches to this question are now evident following' a recent debate In the journal 
'Sedimentology'. The practices which formally use the International Stratigraphic code (He+dberg 
ýo., cerned 1976) in stratigraphy were challenged by Eyles, Eyles and Miall (1983) in a paper specifically^with 
glacigenic sediments in general and diamicts In particular. 
Eyles, Eyles and Miall (1983) suggested that sequences of glacigenic sediments ought to 
be logged and characterised on specific sedimentological terms: firstly the basic material - fines, 
sands, gravels or diamicts; secondly mass structure - matrix or clast supported; thirdly massive or 
stratified structure. Genetic interpretations were then to be based on sediment structures such 
as graded bedding, Glast orientation, evidence of flow or dewatering, and sorting. A code to 
represent these observations was suggested along with a graphic log where average 
clast/particle size determined the width of the unit (see figure 2.1). 
Eyles, Eyles and Miall (1983) rejected the techniques of defining the lithological 
composition of a distinct unit which was then incorporated in a stratigraphic scheme. They 
suggested that the techniques used to define individual stratigraphic members (sense stricto) 
were too rigid and restricted to allow the identification of sedimentation events in complex 
glacigenic sequences, and that the hierarchical grouping of members to formations and larger 
groups was inflexible. They also suggested that traditional methods of discrimination including 
particle size distributions, density, colour etc. were not as important as sediment structures 
observed in a section. 
These observations were the subject of a vigorous debate involving Kerrow, Dreimanis 
and Kemmis and Hallberg (all 1984) who replied to the original paper, and with others such as 
Thomas and Dackombe (1985) who replied to other papers such as Eyles and Eyles (1985) on 
the Bride Moraine (Isle of Man), which applied these techniques to section Interpretation and 
overturned existing stratigraphic classifications. These replies defended their use of the 
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stratigraphic terminology and criticised the assumption that lithological descriptions were not 
useful in sediment discrimination. 
Whilst this work challenged the Eyles, Eyles and Miall (1983) assumption that only genetic 
interpretation of sediment structures could establish sedimentary discrimination, it also helped 
refine the contemporary concept of a sedimentary unit. The replies to this paper agreed that a 
sedimentary unit which was delimited by a sedimentary break (erosion surface) or zone of 
change to a different compositional identity, was compositionally and genetically distinct 
depending on the scale at which the sediments were to be subdivided. Essentially, Eyles, 
Eyles and Miall (1983) argue that whilst a unit can be compositionally uniform, it can be 
composed of different genetic units (lithofacies) or sedimentary events which are unrecognised 
by standard stratigraphic terminology. 
The Eyles, Eyles and Miall (1983) system therefore tends to subdivide any given 
sequence to a finer level of detail. The Eyles, Eyles and Miall (1983) scheme thus reflects a 
greater sedimentological discrimination of a sequence perhaps leading to a different genetic 
interpretation. However, the formal stratigra9h and Eyles, Eyles and Miall (1983) scheme 
should match in terms of the identification of 
higher 
order units (perhaps at 'formation' level), 
representing in genetic terms the more widespread and higher magnitude sedimentary events. 
This difference is vital to sedimentary work carried out when, 09 necessity sight of the 
sediments in situ cannot be obtained as in boreholes. Thus, the observations on sediments 
using the cone penetrometer (eg. Adam 1985) or geophysical techniques (eg. Cornwell 1985) 
can also be an effective tool of stratigraphic analysis by discriminating at formation level. This 
allows a valuable insight into the distribution of the more important processes which have a major 
role in constructional events. Natural exposures can then reference these large scale 
formations to a sedimentological scheme. 
A frequent problem when erecting a stratigraphic scheme using purely lithological 
parameters is that the manual Integration of the various observations on the parameters 
becomes very difficult when there are a large number of measured variables, especially when 
the sediments cannot be observed directly. A number of authors have tackled this problem for 
glacigenic and other sediment data eitheNeduc the variance across the parameters or 
group 
the individual units together on the basis of multivariate similarity. 
Amongst the earliest of these workers was Falconer (1972) who used Q-mode factor 
analysis to erect a stratigraphy of diamicts in Weardale. He measured particle size distributions 
for samples down a number of sections and used Q-mode factor analysis to reduce the variance 
across the cases and re-express the particle size data on new factors. He then plotted the 
sections showing the numerical loading for each of the 5 factors in the scheme which formed a 
guide to the identifications of till, solifluction deposits and colluvium. 
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A similar approach was adopted by Friend et al. r (1976)-. " but- , in different 
sedimentological circumstances. In mapping and logging several thousand feet of Devonian 
Old Red Sandstone In East Greenland using 22 different sedimentological parameters to 
characterise the sediments, Friend et al. adopted a methodology using numerical 
parameterisation to form a test data set which could be analysed using multivariate techniques. 
The data matrix of rows (sediment beds) of variables describing the parameters was first 
correlated to form a measure of similarity, factored Q mode to reduce the variance between the 
rows, and then clustered to find the main groupings amongst the individual beds. The overall 
grouping was checked for the stability of the grouping using multiple discriminant analysis and 
then. when a satisfactory solution was found sued as a grouping definition to apply to all the 
other unanalysed beds. 'The 'groupings we re consideredI equivalent to facies and found to 
define useful stratigraphic groups whose characteristics could be related to the environments of 
formation. 
Another approach to gtacigenic facies discrimination for 'unseen' sediments was by 
Kravitz (1983). This work used Q-mode factor analysis to discriminate amongst the borehole 
sampled sediments of the Kane Basin between Greenland and Ellesmere Island, Canada which 
alternated between glaciomarine sediments of different provenance and sedimentology, 'and a 
non-glacial open water floating ice environment. Parameters used Included mass physical 
properties, particle size data, mineralogy and 
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radiology, and the output was a series of facies 
maps. 
Cohen (1979) used cluster analysis to test a set of field defined facies In Glacial Lake 
Blessington, Ireland. Here he clustered the particle size distributions of facies as sediment 
parameters to look at the structure of the facies similarities for proximal/ distal relationships in the 
delta. He also studied facies transitions within the delta and found that even an integrated 
subaqueous environment there was an element of randomness in the facies sequences. This 
work demonstrated the tendency of sediments in dynamic environments'to self-adjust to local 
form, removing the local morphological expression of individual processes, but reinforcing the 
development of the gross morphology of the fan. 
The use of multivariate schemes in these circumstances' is 'aimed' at either the 
establishment of a facies scheme or the testing of a facies scheme derived by other means, and 
is a powerful means for the classification of described sediments. However, the practice of 
choosing a single diagnostic feature or univariate approach to select sediment types or fades is 
common as May and Dreimanis (1976) demonstrated. In their paper on The compositional 
variability of tills' they show how the provenance of individual till units has been used in the 
formation of local and regional stratigraphy. 
When using sedimentary parameters to characterise sediments singly or in combination 
the distinction between particle size parameters and non particle size parameters Is important. 
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The study of the particle size distribution signature in the sediments has been used In many 
studies as Folk (1966) demonstrated, being used in discrimination between glacigenic 
sediments as early as Krumbein (1933) and reviewed later by Easterbrook (1971). Derbyshire 
(1984) published a summary diagram showing the characteristic particle size distribution for 
various tills of different modem and ancient origin. 
The main problems in using particle size distributions as a discrimination device for 
diamicts are concerned with special aspects of their sedimentology. For example sampling of 
diamicts is difficult because of their tendency to vary across an exposure: the mechanical mix of a 
specific area achieved in a borehole may be the optimum way to sample such a material. The 
problem of the very wide variety of particle sizes present in diamicts can also give truncation 
errors in the calculation of statistics such as mean, standard deviation (sorting), skew and 
kurtosis from particle size distributions with large percentages unmeasured. 
A vital consideration once a facies has been satisfactorily defined is characterising its 
spatial identity either in 2 or 3 dimensions. Miall (1983b) reviews a range of techniques used in 
basin mapping for sedimentological work. These Include contour maps of multi-component 
ratios, single component facies thickness maps, and trend surfaces of different orders. 
Some facies mapping aims to convey the generalised form of the surface of the unit. For 
example Zalasiewicz and Mathers (1985) in work on the tunnel valleys of East Suffolk mapped 
the surface of the facies using simple contour maps, as did Rhind and Sissons (1971) for an area 
around Edinburgh. Work by Coe and Cratchley (1979) provides a methodological yardstick for 
the sampling needed for such contour mapping of sedimentary units, suggesting as a minimum 
sampling distance half the wavelength of the smallest scale of variability. Rhind (1972) also 
suggested a technique for the handling of one sided' constraints upon contouring sediment 
units when only minimum depths for a facies available. 
When the 3D shape of a sedimentary facies is considered there are several distinct 
approaches available to assemble the data for representation. Miall (1985) reviews work in fluvial 
sedimentology which has led to the establishment of a terminology for architectural element 
analysis in fluvial sequences. Eight 3D elements are Identified le. channels; gravel bars and 
bedforms; sand bedforms; foreset macroforms; lateral accretion deposits; sediment gravity flow 
deposits; laminated sand sheets; and overbank fines. These units are morphologically 
characterised by environments of deposition, and represent ideal shapes which are intended to 
act as a predictor. 
Some recent work in sedimentology has been accomplished with true 3D models 
composed of small blocks or voxels (VOlume Elements) which can be manipulated using 
sophisticated computer graphics (Kavouras and Masry 1986, Jones 1988) to give true 3D 
55 
modelling capabilities. The primary limitation in their use remains the quality of the information on 
the facies to be represented, and has to date only been effectively applied to mining geology 
(Taminen 1985, Kunil and Bak 1987). 
This aspect of clastic sedimentology continues to be of considerable interest as meetings 
of a group established by the German Research Council (DFG) on'Digital Geoscientific Maps' 
(Vinken 1988) and of the British Sedimentological Research Group on the 'Quantification of 
sediment body geometry and their internal heterogeneities' (Mayall and Astin 1988) clearly 
indicate. However, the question of sedimentological identity has so far overridden the 
characterisation of 3D spatial identity as it poses the greater problems and can only provide 
conditional information to the spatial model (Raper 1988b). 
The essential problems remaining in the 3D characterisation of glacigenic sediments are 
discussed in Raper (1988a). Glacigenic sediments are frequently deposited In complex 
environments where topographic reversal is common, and small mounds and basins break up 
the formation of large scale Integrated sedimentary bodies such as those known In fluvial 
sedimentology. However, some significant structures having a diagnostic shape are recorded in 
glacigenic facies mapping such as the deltas identified from the seismic investigations In the 
southern N. Sea (Boulton 1988). 
1.3. CONCLUSIONS AND RESEAfl * AGENDA 
Thus, specific aims of this work are three fold: 
1) To consider the nature of the landform-sediment relationships in glaciated valleys as formed 
and altered during the development of a terrain; 
2) To test and develop methodologies for the characterisation of both landforms and sediments; 
3) To determine the elements of this analysis useful for engineering site investigation. 
This chapter contains the literature review and contextual analysis of the scope for new work, 
whilst chapter 2 contains the bulk of the methodological analysis. Chapters 3 to 6 inclusive 
contain the case studies and chapter 7 forms a summary of interpretations and 
recommendations for future work. 
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fig. JAL The glaciated valey landsystem 
Transport and deposition of valleyside-derived course-grained supraglaolal 
morainic till by valley glaciers. 
(1) Bedrock 
(2) Buried valley. 
(3) Decaying Ice-cores with basal melt-out till (Fig. 1.7: Sect. 3.5). 
(4) Lodgement till with streamlined drumllnized surface (Fig. 1.4). 
(5) Thick hummocky sequences of supraglaeial morainic till (Fig. 1.7) along 
valley floor. 
(6) Stratified cores of lateral moraine ridge. Outward dip of both beds and 
Glasts Increases the structural stability. 
(7) Large angular and far travelled Glasts common (Figs. 4.2,4.6). 
(8) Complexly interbedded glactofluvial sediments and flowed tills deposited In 
kettle holes or against lateral moraine ridges along valeyslde (Fig. 4.4). 
(9) Deformation and collapse resulting from melt of lee-cores and glacier 
recession. 
(10) Medial moraine. 
(11) Minor ridges of supraglactal morainic till dumped from crevasses or the 
icefront. 
(12) Lateral moraine ridge (with stratigraphy shown in Fig. 4.4 with kame 
terraces being gullied by the melt of ice-cores. 
(13) Valleyside fans which may subsequently breach the lateral moraine ridge 
resulting In smooth valleyside slopes as part of paraglacial LnfLll processes 
(Fig. 4.7). 
Scale: variable. 
Figure 1.1 The glaciated Valley Landsystem (after Eyles 1983b) 
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CHAPTER 2 
CHARACTERISING LANDFORMS AND SEDIMENTS IN 
GLACIATED VALLEYS 
2.1. INTRODUCTION 
Much of the original data used in this study was collected as part of various site 
investigations for engineering projects in glaciated valleys, and made available for this research 
in the form of copies of the Reports to the Client for the work. These usually included 
summaries of the project aims, the main features of the proposed designs and records of all the 
investigations, including detailed maps and plans at large scales, aerial photography, and records 
of all the sediments recovered and tested. The sources of the data is given in each chapter, and 
the full details are recorded in Appendix A. 
The case studies used in this research have been selected as they meet several broad 
criteria: - 
1. Quality of data: the sediment data was well described and comprehensive; 
2. Up-to-date-ness: the data was collected after 1970 ; 
3. Access to original data: the author was able to discuss the project with the original geologists 
and look at the raw data; 
4. Coverage: the original landforms were not completely destroyed and covered areas of at least 
1km2. 
The discussion of the techniques of data collection, processing and interpretation Is 
divided into those used for the sediments and those used for the landforms In the sections 
below and this is followed by a number of case studies which are detailed in the following 
chapters. Note that the case studies form 4 study areas (particular valleys) which each contain 
study sites or sections (several hundred metres in dimension) which are the specific areas for 
which a detailed landform and sediment analysis was carried out. Some study sites were further 
subdivided into zones to form landform gazeteers. 
2.2.1 INTRODUCTION 
The investigation of the ground for an engineering site investigation produces a wide 
variety of data on the subsurface for a zone around the project. A combination of boreholes and 
trial pits are normally used to sample the sediments and bedrock, and tests are carried out on the 
samples recovered. The procedures governing the testing of the sediments are laid out in 
British Standard 1377 (1975) which aims to ensure that the tests are comparable and carried out 
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to a common accuracy. The British Standard 5930 (1981) governs the general conduct of site 
investigations such as the location of boreholes and trial pits undertaken, and the format of the 
descriptions of the sediments recovered. This study has concentrated on using a core set of 
results from the site investigation reports based around the information with a sedimentological 
application comprising boreholes/ trial pits, particle size distributions and statistics, Atterberg 
limits and Standard Penetration Tests. These observations are amongst the cheaper, faster 
ones to carry out being used on most sediments in the project. 
The descriptions of each distinct stratum obtained from the boreholes and trial pits 
undertaken are used to group the sediments into facies, and the tests on the sediments are 
used as a check on the results of the sets of sediments produced. This distinction is drawn due 
to the sequential sediment description down the hole/ pit compared with the discontinuous and 
often scattered sampling for the other tests. Thus, whilst the sediment descriptions obtained for 
each new and different stratum encountered down the hole/ pit produce ordinal/ interval scale 
data (data measured and placed in rank and absolute order respectively) the record obtained Is 
usually semi-continuous, contains many useful described parameters and is usually referenced 
to a code of terminology. 
The main drawbacks to this kind of data are that it does not contain any systematic 
information on the structure of the material, that the parameters are subject to operator variance 
and that the material can be disturbed during recovery. However, when this Information Is 
available for areas where there is little exposure across areas or akmq cross sections, It provides 
data on sediment characteristics where otherwise little Insight could be gained. Without the 
benefit of widespread full exposure, this approach offers a good technique for the investigation 
of the relationships between landforms and sediments over terrain areas. 
Finally it should be noted that in most site investigation schemes, the actual points at 
which to drill or excavate are governed by 2 main types of factors: - 
1) Location of the centreline of the proposed roads and the positions of structures; 
2) Limitation of access by landowners, or by physical constraints eg. steep slopes or soft 
ground. 
In some schemes some good areal coverage can be obtained, where for example roundabouts 
or large bridges have been constructed, whilst elsewhere intersecting cross sections give the 
best area data. Since the data points were mostly chosen originally to cater for the needs of 
highway design, they can be considered to be geomorphologically random, although Ideally the 
points might best be purposively distributed to sample landforms. 
The basic data for this study was obtained as a set of paper documents and air photos 
from the site investigation engineers or the client, and followed up by visits to the offices to view 
originals or to discuss the project with the original site investigators. This section summarises 
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the techniques used in the collection of the sediment data, firstly the data obtained from the site 
investigation and secondly the direct observations on the field exposures. 
The techniques used to log and sample the sediments from the study areas are based on 
the standard techniques of boring and pitting detailed In full in BS5930 (1981), and specifically 
for glacigenic sediments in Somerville (1983). The main aspects of these techniques are given 
below, and any variations noted in the case studies. 
1) CABLE PERCUSSION BORING- This is the use of a "shell" or cylindrical steel tube dropped 
on a cable from a rig into a borehole, sampling and removing material by filling the tube on impact 
(no pressure is used, although water may be added). This technique produces relatively 
undisturbed returns except below the water table in cohesionless sediments and in coarse, well 
sorted gravels. The diameter of the 'shell' (hence the old term of 'shell and auger boring) can be 
up to 250mm allowing 'boulder size clasts to be returned, and Is frequently lined with a steel 
casing to prevent hole collapse. The field strength of the sediments are empirically determined 
at regular intervals down the hole (eg at new strata horizons) using the Standard Penetration 
Test. This test is carried out on the sediment In situ In the borehole by driving a U100 sampling 
tube (or in coarser sediments a solid 60° cone): firstly the tube is "seated" by being driven 
150mm into the sediment by a standard weight of 65Kg falling through a vertical distance of 
760mm, and then the number of blows needed to drive the sampler a further 300mm is counted 
(BS1377 1975) to give the SPT'N' value. Samples are removed from the U100 tube and from 
the 'returns' of the normal boring for use in the laboratory tests, as the tubes are sealed on 
recovery. 
Overall, cable percussion boring can provide very good quality returns of sediments 
under good conditions. Normally the sediments are described for the preliminary log both from 
the material seen through rectangular openings in the side of the shell and when it Is emptied, 
although the U100 tubes are also described upon opening and the information used in the 
preparation of the final log. Each time there is a significant change in one or more of the 
descriptive parameters a new stratum is described and recorded. At worst the sediments when 
recovered are in the form of a slurry, and the descriptions have to be prepared from the 
composition of the mix and the remaining lumps of the original material. 
tTý. 
2) ROTARY CORE DRILLING- This technique uses a rotating core barrel with 'a serrated 
diamond bit to cut through whatever material it Is lowered/ jacked down onto, and is assisted by 
water or air under pressure delivered to the, cutting face. The material is retrieved from Inside the 
core barrel and placed in sequentially numbered core boxes. Since a drilling pressure Is exerted 
down the hole the boring is continuous, with no special sampling or chiseling. The diameter of 
the holes drilled can be up to 150mm, but since all large Glasts are cored through, most sediment 
size ranges are generally described. 
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The advantage over cable percussion boring is that the core is more often continuous and 
is retained, although the percentage returns from individual core lengths can vary. However, 
due to the use of drilling "fluids" such as air, water or even bentonite the sediments can be 
disaggregated, washed or mixed locally and as such are not suitable for laboratory testing. Note 
also that there is no measure of down hole field strength available from this kind of boring, only 
by the description of the core. The description of the sediments is usually made from the core 
boxes in comparison with the drillers log, when the distinct strata are identified. 
3) TRIAL PITTING- Shallow investigations are often made to allow In situ Inspections of the 
sediments. These can be machine or hand dug, but seldom reach any greater depth than 6-7m 
due to the danger of collapse. The sediments are generally described in situ and undisturbed 
samples taken for laboratory analysis, especially for tests requiring little material disturbance, 
Distinct strata are identified in trial pits in the same way as in boreholes but with additional data on 
sediment structure. 
4) LABORATORY TESTS- A small group of laboratory tests are routinely carded out in each site 
investigation contract, based on a sampling of the sediments. In addition to the tests described 
above in section 2.2.1, some more detailed tests are carried out such as shear tests, 
consolidation tests, and density tests. The full techniques for these tests are detailed in 
BS1377 (1975). 
5) SURVEYING AND LEVELLING- The control for the position in both the horizontal and 
vertical plane is generally obtained by surveying on the ground at the time of the boring/ pitting. 
The vertical control is converted to OD altitudes and are recorded on the logs of the borehole/ 
trial pit; the horizontal control is usually transferred to a plan of the works at 1: 2500 or larger 
(1: 1250 is common). Frequently the horizontal control is only referred to on the logs as a 
'chainage and offset' particularly on highway schemes, and National Grid Coordinates must be 
transferred from the plan to site the boreholes/ trial pits separately. 
At all the study sites some natural exposure was available in gullies, river bank sections, 
quarries and landslips. Whilst this level of exposure is not enough to allow the reconstruction of 
the 3D stratigraphy of the site, it can provide a valuable additional source of sediment 
observations which will improve the spatial distribution of points and also allow in situ inspection 
of sediment structure. 
The altitude of the exposure available was first obtained either by surveying in to a local 
benchmark or by heighting from one of the detailed site investigation plans available for the 
associated engineering project, which usually have 1 or 2m contour intervals. Since many of the 
exposures were only approachable from the top and since "cleaning up" the section produces 
talus below, all sections were logged from the top down. Exposures were only used where the 
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sediments were clearly exposed by a slip or cut, to avoid the logging of non in situ materials, 
however, when necessary the face was further "cleaned up" by scraping away at least a 0.5m 
wide strip of the original face to several cm depth into the face. Distances down the section were 
taped or measured by leveling staff and the angle recorded so that the vertical heights could be 
calculated. 
The exposures were described for each change in the lithology down the section to 
distinct units of 5cm in resolution. The description convention adopted was the engineering 
one based on BS5930 (1981) by Norbury, Child and Spink (1986) to facilitate comparisons with 
the described borehole/ trial pit descriptions (see below in section 2.2.3.2 for details). However, 
the fades codes for glacigenic sediments and their structure proposed by Eyles, Eyles and Miall 
(1983) were also used to characterise the descriptions. The definitions given for clast or matrix 
dominance and massive or stratified structure were especially useful. The symbology adopted 
for use in the logs shown below in figure 2.1 also follows this style: 
CLAY SILT SAND GRAVEL COBBLES BOULDERS 
9ýý 
FIG- 
BOULDER G=GRADED 2"I 
.4 
DIAMICT(GRAVEL A 
& COBBLE SIZE) (IN DIAMICT) BOUNDARY 
In certain diamicts a clast fabric was measured when an area of at least 1 m2 could be located in a 
single unit already identified in the log. 50 clasts (occasionally only 25) were carefully exposed 
by scraping away the diamict until the long (a) axis could be measured and values recorded for 
azimuth and dip with a combined compass clinometer. The clasts were located by a sweep 
search down a defined area approximately 1m2 and used for measurement unless they had a 
ratio of (a) axis to (b) axis of less than 3: 2, or if their long (a) axis was less than 5cm (Andrews 
1971). 
2.2.3 DATA PROCESSING 
It is argued here that in order to use the sediment log descriptions from site investigations 
for analysis the terminology must be studied and validated. This section aims to specify how the 
terminology can be standardised, and to detail the techniques of data handling and storage 
which make rapid, efficient querying and analysis of this data possible. 
The full records of borehole/ trial pit sediment descriptions and tests were stored In a 
database system developed at Queen Mary College called GEOSHARE (Day 1983; Raper and 
Wainwright 1987) to allow fast Interactive recall and searching of site investigation data. For the 
analysis of the described sediments a set of programs named 'BH' linked to the GEOSHARE 
system were written and are described below. The parameterisation the Information In the 
descriptions allows the use of numerical techniques to group the sediments'into facies; the 
fades distribution can then be tested and compared with the landform patterns. 
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The GEOSHARE system Is mounted on the ICL 2988 mainframe computer situated at 
Queen Mary College and is accessed by remote BBC/ Apple Macintosh graphics workstations. 
The basis of the software is the IDMS CODASYL database management system supported by a 
compatible data dictionary. The processing Is executed in Cobol and Fortran which allows the 
easy interfacing of application programs called from the database, for example GINO graphics 
which are used in GEOSHARE to format the graphical output. 
The GEOSHARE system Is accessed initially via password checking, routines, with 
continuation of the session in a menu driven mode. Input procedures allow the user, to store 
any type of data shown in the input menus (figure 2.2), with an amendment and deletion facility 
available to authorised users. Within the retrieval mode (figure 2.3) there are two basic output 
types: firstly, reporting which covers output of logs, samples and tests exactly as input, and 
secondly, analysis which covers the output of details organised by depth, strata or parameters. 
The input routines shown In figure 2.2 are designed to mirror the order in which data Is 
recorded In the site investigation report in order to maximise efficiency of the data storage. The. 
key routine and the first to be entered is the one for borehole/ trial pit strata which establishes 
the depth/ strata framework to which all other observations are referenced. This can then be 
followed by any or all of the other data types as available. - All input routines are menu-driven, with 
prompting for the information required, using British Standard format (BS1377.1975) for the 
laboratory tests. Note however, although there has been a detailed Standard for the description 
of sediments since BS5930 (1981), many older description formats exist based on an earlier 
Code of Practice CP2001 (1957). Due to the sheer range of possible parameters which might 
be presented as well as the range of civil engineering 'house' formats, the sediment description 
record in the database requires a'free format' Input data definition to allow as complex a record 
structure as necessary for each strata described to be stored. 
The analysis routines shown in figure 2.3 offer a range of more complex retrieval options 
for a defined area, when different data records are grouped together for output or abstracted 
from groups. The options cover retrieval of grid references and a selection of output for strata, 
depth and parameter details. Note that the strata option gives output of the upper and lower 
heights or thickness of a defined stratum, or specific. parameter details for the stratum. The 
stratum is defined for any combination of particle size classes and other defined characteristics 
chosen by the user, and the heights or parameter details are returned by GEOSHARE for all 
strata in the current defined area meeting this description exactly. 
The retrieved output is initially placed in a temporary file for presentation in list or graphical 
format. The output options which produce a height OD or a thickness for a defined stratum can 
be presented as contour or perspective view diagrams with further options to customise the 
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output. However, note that the output produced by this system represents a crude hypothesis 
of both the existence of the particular sediment in the defined form, and a simple model of its 3 
dimensional shape governed by the options in the surface modelling package used (Davis 
1986). As a means to form and test quickly some simple hypotheses about the sediments of the 
study area the output procedures given here are useful: however, for sedimentological 
purposes the analysis needs to allow the exploration of the sediments for sets of facies with a 
distinct sedimentological identity before spatial modelling. 
>, .. 
The use of a free format database record was adopted to allow the storage of an archive 
copy of the original site investigation sediment description. --This decision was part of the 
advancement from databases with fully coded data storage which were necessary before recent 
developments in interactive computing and the introduction of large on-line disc store (Day, 
Tucker and Wood 1983). However, in the course of using the new GEOSHARE system it has 
become apparent that the structured input and analytical retrieval of sediment Idata from a free 
format database is made much more difficult by the grammatical complexity and poor 
specification of the original borehole log descriptions (Raper and Wainwright 1987). 
This study has therefore considered the problems associated with the setting up of a data 
store derived from the original records which can be further analysed for sedimentary 
information. The basic structure of site Investigation sediment descriptions specified using 
BS5930 (1981) and revisions Is therefore reviewed below to illustrate the difficulties in defining 
and organising sediment descriptions, and to consider the implications for the use of software to 
parameterise log descriptions. The object has therefore been to develop a procedure to 
analyse the original sediment descriptions, standardise their grammatical and sedimentological 
format, and parameterise the descriptions terms to be stored In a new'meta-file' (a file of data 
standardised from the original observations). 
The primary basis of the BS5930 (1981) section 8 code for borehole sediment 
descriptions is the particle size distribution; this is a change from the earlier CP2001 (1957) code 
which also emphasised engineering behaviour as a criterion (Norbury, Child and Spink 1986). 
The BS5930 (1981) procedure to describe a sediment begins with the specification of the 
primary particle size forming the largest constituent part of the sample examined, using a 
process illustrated in figure 2.4. The particle size term is defined by reference to a standard 
scale of sizes given in BS5930 (1981) (table 2.1): - 
S. 
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If there are 2 dominant particle sizes each accounting for 40-60% of the sediment by volume 
both would be used in the description with equal weight, separated by 'and'. Once these 
primary particle sizes are recorded (usually in capitals) the secondary constituents are added to 
the description to indicate how much (if any) of the other particle sizes were present. 
The secondary particle size constituents are usually estimated for 4 main defined 
percentage presence categories in most of the schemes used in site investigation practice: for 
example using silt they are, 'none' (ie not mentioned in the description), 'slightly silty', 'silty' and 
'very silty as well as the term for the primary particle size 'SILT. These terms for all the secondary 
particle sizes seen In the sample are then added to the overall description; note that where there 
are both 'clast' and 'matrix' primary particle sizes for example in a diamict, the secondary 
descriptions are added (usually) before the appropriate primary particle size term. 
However, neither BS5930 (1981) nor the earlier CP2001 (1957) produced a 
grammatically unified expression for the use of these secondary categories across the range of 
primary particle sizes. For example, for the cobble and boulder particle sizes the alternative 
secondary terms available to 'slightly -y', ' -y' and 'very -y' are With a little', 'with some', and 'with 
much', and these are to be placed after the main term not before. Whilst this avoids the use of 
terms such as 'slightly bouldery' (which may sound awkward) this variability of expression adds an 
extra dimension of complexity to the process of description. In addition BS5930 (1981) does 
not allow for the use of the lowest modifier category 'slightly -y' for a sediment described as 
either CLAY or SILT, nor the use of cobbles or boulders as secondary modifiers for these main 
sediment types. Thus, for example such terms as slightly sandy CLAY or cobbley CLAY are not 
permitted by BS5930 (1981). 
Whilst the BS5930 (1981) scheme can be used to specify sediment particle size 
descriptions it is difficult to learn, complex to parameterise and suffers from various omissions. 
In 
a detailed study of the particle size terminology by Norbury, Child and Spink (1986) and at 
the 
Geological Society Engineering Group Conference "Assessing BS5930" these problems were 
highlighted and current site investigation practice reviewed. On both engineering 
and 
terminological grounds this scheme was criticised as unwieldy and a simpler unified scheme 
for 
particle size data suggested. This scheme (in table 2.2 below) closely reflects BS5930 
(1981) 
but makes some important improvements such as: - 
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" The division of the 6 main sediment classes into only 2 main categories for the modular addition 
of secondary descriptive particle size terms (viz. vej)ý coarse/ coarse- boulders, cobbles, gravel, 
sand; and silt and clay), rather than the 3 in BS5930 (viz. very coarse- boulders and 
cobbles; coarse- gravel and sand; and, fjne- silt and clay) 
" Standardisation of the percentages used to describe the secondary constituents. 
The amended version is shown below in table 2.2: 







COBBLES, slightly -y <5 






------ --- - -------- 
(SILT & slightly -y 
-- ---- - ---- 
<35 
CLAY) -y 35-65 
very -y >65 
---------------------------------------------------------------------- 
In the case of dual 'clast' and 'matrix' primary particle' size descriptions such as CLAY and 
GRAVEL the secondary terms are allocated according to the very coarse/coarse scheme since 
there is rarely more than 35% fine sediment: this is normal in most site investigation sediment 
descriptions schemes. 
Note that the software required to search sediment descriptions for a fully specified 
sediment type of interest would be unnecessarily complex and time consuming were it to have 
to search for a sediment of any particle size specification from amongst sediment descriptions 
prepared to any terminological standard. Hence this work has involved the amendment of the 
description procedures given in section 8 of BS5930 (1981) along the lines of Norbury, Child 
and Spink (1986), to produce a standardised set of descriptions (Raper and Wainwright 1987). 
This both allows efficient software handling, whilst retaining the full sense of the scheme. The 
primary objectives are to simplify the structure of the description, reduce the overall number of 
words and restrict the range of terminology used to the minimum necessary. For software 
handling this system is also preferable as it neatly achieves the objectives for a description which 
are laid out above. 
In complex cases it should be noted that the stored description may become lengthy, 
especially when there are equal proportions of 2 main sediment types, which, may each 
themselves have sediment type modifiers. This in itself poses no problems for software when 
the positions of the various modifiers are made standard and placed in front of each of the 2 main 
sediment types identified, with the '2 groups linked by 'and' or'with'. Thus the typical format 
would be (after BS5930(1981), Norbury et al. (1986), with additions): 
Strength, bedding, discontinuities, weathering, colour, particle shape, particle composition; 
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Sediment modifier(s); 
Main sediment type (with repetition of this sequence for an additional sediment type); 
Additional information. 
eg Dense weathered grey brown rounded to subrounded sandstoney clayey SAND and 
cobbley GRAVEL; 
or Firm light grey orange rounded granitic silty CLAY and slightly cobbley GRAVEL with 
ironstaining. 
Since in glaciated valleys many of the sediments are diamicts, sediments described as 
composed of 'clast' and 'matrix' components with several secondary terms are common and 
pose both the greatest problems to describe and to interpret. To parameterise these 
descriptions has required a detailed analysis of the syntax of the terminology used by each site 
investigator using cross checks on particle size curves, which is described before each case 
study. The general procedure has been to standardise the local terminology to the modified 
scheme given above and store the result in GEOSHARE in a 'meta-file'. This allows the 
establishment of a relatively consistent parameterised record through the study area', and allows 
the use of multivariate techniques to summarise the variance across the sediment description 
'cases'. Even If the description varies slightly between the different strata described due to 
operator variance or inaccurate coding, the clustering process in the data analysis will tend to 
group similarly described strata together. The key to this procedure is that it aims to establish a 
relative grouping of the most similar strata as an objective guide to sedimentological analysis, not 
an analysis of the absolute. values presented. 
Most borehole sediment descriptions also include non-lithological information such as 
density (field strength), colour (hue and grey shade), clast shape and sometimes clast 
provenance. The terms used to describe each of these parameter are straightforward and are 
laid out in CP2001 (1957) and BS5930 (1981) and are generally more uniform across different 
site investigations than the particle size terms. 
The relative density or field strength of the sediment described is generally measured by 
use of the Standard Penetration Test (SPT), described above in section 2.2.1. The 'N' value is 
used to assign the sediment to a category of relative density in BS5939 (1981) as in table 2.3 
below: - 
Term 
Very loose 0 to 4 
Loose 4 to 10 
Medium dense 10 to 30 
Dense 30 to 50 
Very dense over 50 
This test is usually carried out in sands and gravels, but as observed In this study is also 
frequently used in diamicts, often to "refusal" when the tube or cone meets a large Glast. In fine 
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sediments with no clasts the relative density is established by a scale of field strength 
referenced to testing of the undrained shear strength in kN/m2 or as estimated from the visual 
descriptions given. The values and categories used in BS5930 (1981) are given in table 2.4 
below-, 
Term kN/m2yalue Visual description 
Very soft <20 Exudes between fingers when squeezed in hand 
Soft 20-40 Moulded by light finger pressure 
Firm 40-75 Moulded by strong finger pressure 
Stiff 75-150 Not moulded by fingers, can be Indented by thumb 
Very stiff >150 Can be indented by thumb nail 
Although the 2 scales are established separately, the 5 categories in each can be considered to 
be approximately equivalent measures of field strength. 
Colour is almost always described in sediment descriptions and is used In distinguishing 
between different sediments. -ý. A scheme to place colours in categories was adopted after the 
Munsell soil colour scheme using the hue (colour shade) and value (grey shade) of the colour 
(Nb. chroma or Intensity of the colour is not usually described). This allows the colours to be 
described by 2 separate parameters on a pseudo-ordinal scale. Most of the hues encountered 
in this study fell in the 1 OR, 2.5YR, 5YR and 1 OYR hues which Is equivalent to reds, browns and 
oranges. The value parameter records the darkness or lightness of the colour, on a scale 
1=white, 2=light grey, 3= grey, 4=dark grey and 5=black. 
Ciast shape or angularity is usually described in sediments and is often of considerable 
importance in differentiating diamicts. The scheme used is the one given in BS5930 (1981) 
adapted after Powers (1953) and has 4 categories: rounded, subrounded, subangular and 
angular. This is primarily a description of the edges of the clasts in the sample, and an indicator 
of the degree of transport before deposition, or the distance to the source rocks. 
Clast provenance is a final area of sediment description which can be parameterised for 
sample description.. The categorisation of these properties is essentially a local. scheme 
depending on the local bedrock lithology, and may require the use of more than one parameter 
when a single scale cannot be designed to, parameterise the provenance details. Thus for 
example, one scale may. measure the colour/ texture of local sandstones, whilst a second 
describes otherlithologies such as limestones and conglomerates. 
All of the particle size and non- particle size terms identified above are used therefore to 
act as a key for the parameterisation of the standardised sediments which produces as output a 
unified numerical description. This scheme of encoding assigns a standard range of values of 1- 
5 (zero is equal to 'not described) to the ranges of the identified particle size and non- particle 
size parameters in the description, to ensure subsequent analysis is not weighted by variable 
units. Using a text processing program 'LED' available on the Queen Mary College ICL 2988, 
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the software routines 'BH' were written to carry out the encoding of the the structured and 
standardised description terminology stored in GEOSHARE. This procedure produces a single 
row of variables for all the parameters measured on each stratum, and after processing all the 
strata for a single borehole/ trial pit generates a matrix of values. 
In order to avoid the over sampling of the surface sediments usually only the boreholes 
(which often reach bedrock) are parameterised for the main sediment interpretation. Later, the 
strata descriptions from the trial pits in the study area are parameterised In the same way as the 
boreholes descriptions, and are classified by the grouping criteria first established by the 
analysis of the borehole sediments. 
The logs of the exposures collected were drawn up graphically in the field, and annotated 
for all significant features. The final form of the graphic log or legend as plotted in the case study 
work was modelled after the work by Eyles, Eyles, ' and Miall (1983) with a width proportional to 
average grain size (using the primary particle sizes). The symbols for diamict or other coarse 
sediments are proportional to the size of the clasts, and any structural Information such as 
shearing or evidence of flow uses their standard ornament (see figure 2.1). Grid references and 
heights OD at the top of the log are also given along with the engineering description of the 
various particle size and non-particle size parameters. 
The clast fabrics were plotted on aa lower hemisphere equal area polar plot as is standard 
in glacial sedimentology eg Rose (1974). The points were individually located rather than 
grouped by class to avoid a generalisation of the information on dip. In order to determine the 
mean vector through the data set the azimuths and dips were submitted to a program STATIS 
programmed by N. H. Woodcock on the Cambridge University IBM 3081 computer one fabric at a 
time. The results are given for the Fisher and Cone methods of determining the mean vector of 
a non normally distributed data set (Woodcock and Naylor 1983), along with the standard 
deviation about the mean. The program also calculates the eigenvectors S1 and S3 for the 
distribution which can be plotted together to identify the diamict type using the Dowdeswell and 
Sharp (1987) plot. This plot of S1 against S3 shows a good subdivision of diamicts since It 
summarises the amount of variance around the mean vector for the main axis (Si) and the axis at 
right angles (S3). Dowdeswell and Sharp (1987) also show a plot of some values for modern 
diamicts of known origin as a guide to the interpretation of the-values of Pleistocene diamicts 
(see figure 2.5 below): - 
~F 
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2.2.4 DATA EXPLORATION 












The preceding data processing was carried out primarily to derive a standardised set of 
sediment descriptions which would be amenable to numerical data exploration. In the analysis of 
a voluminous multi-parameter data set which describes data sampled in 3 dimensions the use of 
multivariate numerical analysis can help reduce the variance across the parameters and initiate a 
grouping of the described sediments objectively. The following analysis is carried out therefore 
with the specific intention of exploring the data for potential facies associations: a necessary 
objective starting point for a complex problem which is difficult to solve accurately simply by 
inspection of the raw data. An additional benefit of this approach is that the terms on which the 
interpretations are made are clear by virtue of the use of software routines whose impact is 
explicit and quantifiable. 
Harbor (1985) provides a detailed critique of multivariate techniques as used in relative 
dating work for sediments, such as that used by Dowdeswell and Morris (1983). The technique 
used in this work of parameterising multivariate observations on geological phenomena, and 
correlating, factoring and clustering the data according to case has been used in several other 
studies as described in section 1.2.6.2. This work has however, carried out tests on the 
suitability of the data for these multivariate techniques as discussed below, and designed an 
implementation of these procedures appropriate for the data available. 
2.2.4.1 Multivariate numerical techniques 
The primary objectives of these techniques were to carry out a highly data dependent 
analysis of the encoded sediment descriptions. The overall aim is to identify any significant 
groupings of sediments with similar characteristics which might be used as a basis for forming a 
set of facies for the study area. Initially therefore, a 'mathematical' facies is computed by 
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searching for groupings within the rows of parameterised sediment data (the 'cases'). The 
process of defining these 'centres of minimum variance' across all the parameters and amongst 
the cases can be rapidly carried out using multivariate numerical techniques, and is described 
below. 
Note that this analysis is based on a comparison of described strata as they appear in the 
borehole/ trial pit logs however thick they are (minimum described thickness =5cm), and not on a 
standard depth-based sampling interval. The disadvantages of having to decide on a valid 
sampling interval and of estimating the proportions of parameters present In a set of sediments 
for a standard unit of depth, seemed to far outweigh the advantage of having a scheme of 
description which is dimensionless for stratum thickness. It is argued here that the 
sedimentological importance of a material is often unrelated to its thickness: any under sampling 
of a thick sediment in the final groupings is always revealed when the spatial extent of a distinct 
sediment is examined later in the analysis (see section 2.3.2.3). 
Thus, in the various study areas the borehole sediment descriptions contained 
information about a maximum of 12 parameters which could be used to characterise the 
sediment, viz: 
a) Presence (in percentage classes) or absence of: clay, silt, sand, gravel, cobbles and boulders 
(particle size parameters); 
b) Colour (hue and value), density, clast shape and clast provenance (non particle size 
parameters). 
Initially, the sediments of each study area were converted from description form (see 2.2.3.2 
above) to rows of up to 12 numerical variables describing these parameters to create a data 
matrix amenable to further analysis. Each row is compared to all others across the 12 dimensions 
by use of the cosine theta similarity coefficient (Imbrie and Purdy 1962) defined by 
ý, 
xjpxjq 
cos eý = (1) 
X? 9 C i= Ip i=1 iq 
This coefficient computes the total Euclidean distance between the 12 orthogonal axes 
over'which the data is expressed for a row (p), and compares this with the row (q) to derive a 
coefficient of similarity between the rows. The advantage of this coefficient is that it makes no 
assumptions about the distribution of the data ('normal' or otherwise), and is unskewed by 
missing parameter data, a problem which arises when one of the non-particle size parameters Is 
not described in the original description. The cosine theta measure for the row (case) with a 
missing value will not be weighted for that parameter: therefore the case will be grouped with 
those with which it is mathematically rather than sedimentologically similar. 
Since the various numerical ranges for the parameters are almost identical, no 
standardisation of the variables was required. The product of this calculation is a correlation 
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matrix for the sediment data describing the relative similarity of each row to all the others. Note 
therefore that many of the matrices calculated from this kind of data are singular, and have no 
true inverse: in this case a 'generalised inverse' is computed before use in further analysis 
(Mather 1976). 
Most of these numerical difficulties arise through the use of ordinal data which are Integer 
labeled categories: however, multivariate techniques can still be used although the variance is 
constrained to a limited number of alternative combinations. Groups are still formed, but 
peripheral membership will be uncertain. However, this is in the nature of the data: it is the 
"centres of minimum variance" which are of interest. 
Although this matrix contains all of the relationships between all of the rows and therefore 
all of the interrelationship data needed for interpretation, with an increasing number of cases the 
number of intercorrelations increases as the square and soon cannot be visually appraised. This 
is the rationale for the subsequent multivariate treatment of this matrix as the interrelationships 
which it describes are too numerous and also contain both noise and redundancy. Multivariate 
techniques therefore offer the possibility of carrying out an ordering by similarity through cluster 
analysis, and, if necessary the reduction of noise or variance first through factor analysis. The 
interpretations are still carried out by the inspection of the original data. 
Factor analysis is an extension of principal components analysis (PCA) where the main 
orthogonal axes are discovered through a matrix of cases described by various parameters. The 
first axis is orientated through the multi-dimensionally distributed variables so as to represent the 
vector traversing the maximum extent of the variance in the data, whilst the second, third and so 
on are mutually orthogonal to this. When the data is plotted on these new axes 2 at a time the 
variables are plotted in such a way that the maximum differences show up and significant 
groupings, if they exist, will appear (Davis 1986). It is in effect therefore a form of transformation 
to minimise noise in the data. 
In factor analysis the axes once computed as in PCA are then rotated so that each new 
axis after the first is orientated through the greatest vector of variance in the data set and so on, 
and is j1 orthogonal to the first. The selection of factors is made in this work by proceeding 
until each new factor explains less than the amount of variance contributed by each original 
parameter. In the context of this sedimentological analysis any influence which is smaller and 
more subtle than this is likely to be within the measurement errors. 
The most important assumption used in factor analysis is that the original variables are 
multivariate normally distributed: Harbor (1985) noted that unless the multivariate distribution 
were also unimodal the results of this test could not be considered reliable. An analysis of 
several data sets suggested that this is satisfactorily true (see figure 2.6 for an example plot 
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showing the Kingussie to Aviemore particle sizes failing in each facies), with the count in each 
class for each parameter mostly unimodal and gaussian in distribution. Finally, an essential 
aspect of this experimental design is that the whole process leading to the establishment of the 
facies hypothesis is checked by subpequent grouping of other sediment data, indgpendently 
(see section 2.3.1). 
In this study the array of intercorrelations between all the of the correlation matrix (Q- 
mode) was used. However, a preliminary R-mode analysis was carried out where factor analysis 
was undertaken to try to determine whether any one parameter was consistently redundant or 
correlated with another: since no consistent patterns were noted it was considered satisfactory 
to continue with the full Q-mode analysis. 
If the factor analysis was carried out the loadings of the sediment descriptions onto the 
new factors themselves represent a complex numerical data set and cannot be readily assessed 
manually. Accordingly, the factor loadings (new parameters) were correlated again before 
submission to a cluster analysis for grouping. If factor analysis was not used the raw data was 
correlated and clustered directly. Note that because of the higher cophenetic coefficients 
obtained (Davis 1986), the Distance coefficient was used the correlate the data for the clustering 
as Harbor (1985) recommends, although tests carried out showed little difference between 
methods. 
Cluster analysis is the name given to a family of multivariate techniques used to group 
parameters or cases by relative similarity (Zupan 1980). Whilst the grouping technique can be 
either agglomerative or divisive the former technique is easier to compute and is ideally suited to 
the incremental construction of groups which are 'centres of minimum variance'. Thus, in the 
sedimentological analysis of described sediments it is recognised that the parameterised 
records can only be formed into groups with'distinct centres but "fuzzy" edges (Padmore 1987): 
it is therefore best to join cases rather than separate them. In this work the single linkage or 
nearest neighbour joining algorithm was used on the basis of its sound mathematical basis and 
reproducibility regardless of starting point in the data (Jardine and Sibson 1971). This strategy 
joins the pair of cases which are most similar at each step in the analysis and carries out no 
averaging within pre-existing groups: this places the marginal cases rigidly in the group with the 
next most similar case leading to a consistent approach which is easily amended by the 
sedimentologist upon final interpretation. 
The clustering is carried out using a modified single linkage grouping algorithm on the 
basis of the Euclidean distance measure of similarity. The use of Euclidian distance is to 
generate the greatest numerical range for the similarity coefficient which may lead to more 
distinct clusters (Mather 1976) and automatically standardises the variables. This produces a 
dendrogram showing a model of the similarity structure amongst the study areal sediments, 
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which can be used to define groups of sediments with similar 'parameter' descriptions. These 
groups, when interpreted in the light of the original text descriptions, usually equate to robust 
groupings of sediments with similar characteristics, providing an objective basis to establish the 
range of sedimentary facies present locally at the study site. 
In the interpretation of the described borehole/ trial pit sediments the dendrogram has 
been used in this work as an objective point of departure for the formation of facies in each of 
the study areas. The selection of the 'centres of minimum variance' across all the parameters Is 
made as objective as possible by this process, which is the most difficult part of the interpretation 
to carry out manually. 
A typical dendrogram or cluster tree has the original strata numbered from 1 ton (where 
n=the number of strata described from the study area), and In this study was manually 
subdivided into primary groups identified by letters without any initial knowledge of the data. 
The subdivision was carried out so as to select groups with a distinct identity at a particular 
distance coefficient appropriate for the group (shown down the left hand side of the tree). Using 
various distance coefficients across the dendrogram avoids assuming as Harbor (1985) notes 
that within group variances cannot a priori all be assumed to be identical. The labeling system 
with the lettering sequence A, B, etc. from the left and ... X, Y, &Z from the right was adopted to 
indicate that some groups have a distinct identity, whereas others (often at the side of the tree) 
are less internally consistent, with members clustered together at higher distance coefficients. 
The occurrence of these higher distance coefficient groups on inspection seem to be 
related to the problem of missing data le where for example the density of a stratum is not 
described. The less internally consistent groups often represent groupings of loosely similar 
cases which are similar to those in one of the other 'main' clearly defined groups except for the 
lack of a description for one parameter. Accordingly, it is necessary to transfer some of these 
loose groupings into the 'main' groups manually if the similarity in the descriptions justifies it. 
Therefore, this process of adjusting the groupings by a general secondary subdivision or 
amalgamation of the primary groupings is carried out with knowledge of the sediments to reach a 
level of subdivision appropriate to the variance in the data. 
Readjustments to the primary groupings have usually accounted for between 10 and 25% 
of the cases classified by the cluster analysis, which indicates the relative efficiency of the 
process. The criteria used in the secondary fades formation have been mostly based on particle 
size criteria as the key parameter information used in sedimentology. However, the outcome of 
the various cluster analyses has been instructive in the selection of the criteria: whilst the 
clustering process has usually organised the cases into largely particle size discriminated 
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groups, there are often significant departures from this trend. Thus, at the Taff Goitre Coed 
study site the delineation of a group of sediments with wholly angular Glast shapes (facies 4) 
demonstrated the existence of a spatially coherent facies with a diverse particle size Identity. 
Thus, the examination of the cluster tree has been carried out primarily by looking for the key 
parameter(s) in common throughout the group to use as a basis for the Interpretation. Since the 
importance of the various criteria varies in space it is usually not possible to correct for them by 
clustering by specific criteria. 
, The outcome of this exercise is a set of labeled groups with a set of associated case 
numbers from the original scheme. This facies subdivision can then be used to sort a database 
of the sediments into facies sets along with the top and bottom heights OD for spatial modelling. 
Multiple discriminant analysis (MDA) is another multivariate technique used to reduce the 
variance in a matrix by grouping the parameters or cases. It is used to examine the outcome of 
clustering techniques since it uses the pre-grouped matrix and finds the maximum ratio for the 
between and within group sum of squares (Davis 1986). 
MDA was used in this study to examine the secondary interpretive cluster groupings 
produced to see how tight the clusters were and exactly how distinct each cluster was from all 
other clusters. It assumes that the multivariate means are normally distributed and that each 
group is an accurate sample from the parent population, assumptions which are reasonable 
upon inspection for this data set (see section 2.2.4.2 above). The program used for this analysis 
re-expresses the original data for the members of the groups on the two canonical variables so 
that they can be plotted in 2 dimensional space, and prints out the variables not placed in their 
optimum group. This program will also load the data from further cases as yet unclassified and 
give their optimum classification according to the current grouping parameters. 
This use of MDA is used along with the checks on the original grouping to help establish a 
final scheme of facies which can be spatially explored for relationships within and between the 
mapped landforms. 
2.3. ' FACIES SEDIMENTOLOGICAL AND ` SPATIAL INTEGRITY 
The process described above in section 2.2 by which sediment descriptions are 
standardised, parameterised and clustered case by case produces as its output a set of facies 
labeled and heighted strata for a study area. The checks applied to the schemes of sediment 
facies and the means to interpret them are discussed in this section in order to examine the 
integrity of the facies and to provide a guide to the analysis of the spatial extent of the facies. 
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The checks can be applied by plotting the available independent observations on the 
sediments to determine the degree of distinctiveness between the facies for example using 
Atterberg Limits or particle size statistics. However, whenever possible the scheme should be 
tested by generating a new set of facies by independent means which is generally only feasible 
by using particle size distributions (although this cannot test for non-particle size information). 
This is only possible when the particle size data covers a high percentage of the observed 
sediments for an area. 
Depending on the moisture content of sediments with a fine grained constituent it can 
exist in a solid, plastic or ultimately liquid state (Vickers 1983). Whilst these states generally pass 
gradually into each other it is possible to define empirical 'limits' to each state by using a standard 
set of tests given in BS1377 (1975). The liquid limit and the plastic limit are the 2 most important 
from an engineering point of view and those most widely quoted: the difference between them 
is defined as the plasticity index. 
Where the sediments contained the necessary tines, these tests'were often carried out 
for a high number of the described sediments. Thus, a simple check can be carried out on the 
primary facies grouping. The classic study of these tests was carried out by Casagrande (1948) 
who defined a diagnostic plot of the limits for sediments ie plasticity index against liquid limit. 
The primary reference on the plot is the empirically determined 'A-line' which Casagrande 
originally used for a comparison of the behaviour of marine and non-marine clays: it is notable 
that almost all diamicts lie above the 'A-line' line along what has become known as the T-line' 
(Sladen and Wrigley 1983). Lewis (1983) took the results of a large number of these tests and 
plotted them up on the plasticity plot, assigning zones of the plot to different diamict origins and 
sedimentology. 
The available points for the sediments were therefore plotted on the Casagrande plot to 
check whether the different facies appeared to be distinct in plasticity terms. The primary 
parameter which this plot tends to summarise is density, which is often correlated with plasticity. 
The particle size distribution for a sediment offers the best source of data with which the 
facies established by the multivariate process described above can be effectively tested. The 
checks available fall into 2 categories, being based on either the particle size statistics or the 
whole particle size distribution. 
. The particle size data as used in this project has mostly been acquired from the records of 
engineering testing on sediment samples from boreholes. The samples are usually recovered 
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from the U100 sample tubes driven in the course of the Standard Penetration Test, and 
therefore represent good bulk samples of sediment in situ. The procedure for the, test is 
governed by BS1377 (1975) Test 7 which lays down strict procedures for both the laboratory 
work and calculations. Thus the appropriate amounts of material required for the sieving (sands, 
gravel and cobbles) and sedimentation (silt and clay) are given, as are the appropriate mesh 
sieves to be used. 
The standard form for reporting the particle size distribution is also given In BS1377 
(1975) with an arithmetical scale for percentage passing and a logarithmical scale for the particle 
size. The sample is drawn up as a single curve for all the points available: the curve is often 
open- ended ('truncated') as 100% passes the largest sieves but some percentage remains 
unsampled usually at the fine end of the scale. Since the procedure for establishing the whole 
curve involves both sieving (above 0.063mm) and sedimentation (below 0.063mm) analysis, 
contracts for site investigation often specify that unless a certain quantity passes the sieves, no 
sedimentation analysis will be carried out, automatically truncating the curve at 0.063mm (4o). 
Note that the sieves to be used in a particle size determination are also specified in 
BS1377 (1975), and are given below (table 2.5): 
75mm; 63mm; 50mm; 37.5mm; 28mm; 20mm; 14mm; 10mm; 6.3mm; 5mm; 3.35; 2mm; 
1.18mm; 0.600mm; 0.425mm; 0.300; 0.212; 0.150; 0.063. 
These sieves are unfortunately unevenly spaced even given the logarithmic scale upon which 
the particle size is plotted, and are therefore not ideal for sedimentological analysis as the 
sampling of the sediments is variable along the scale. Given this fact and that standard 
sedimentological statistics are plotted in phi (e) units (o= -lo92mm) it was decided to resample 
the curves at a one phi interval from -8o to +100. This was considered an adequate level of 
sampling due to the very wide range of particle sizes encountered in the diamicts most common 
in the study areas in this work. In a detailed study of particle size statistics Swan, Clague and 
Luternauer (1979) showed that accuracy improves with a shorter sampling interval except for 
poorly sorted sediments because of the range of particle sizes represented; they also noted 
that errors due to grouping within the sampling interval were less than those likely to have been 
made in the laboratory. 
In order to determine the suitability of a sample for particle size analysis a set of rules was 
derived from the work of Swan, Clague and Luternauer (1979) who studied both graphical 
techniques and grouped moment measures (they found the latter more accurate overall)., The 
scheme used to assess the suitability is shown in figure 2.7; the grouped moments method was 
used in this study. The single greatest problem associated with the calculation of particle size 
statistics for truncated curves is the decision about how to distribute the unanalysed fraction not 
accounted for., Swan, Clague and Luternauer (1979) digitally generated a population of 
randomly sized particles of all sizes which they then computer "sieved" using sorting routines 
and compared the "sieved" results against the "real" population results. This showed that above 
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approximately 13% unanalysed, the statistics calculated rapidly began to have significantly 
inaccurate results, and also that the higher moments (ie skew/ kurtosis) were more prone to 
inaccuracy. Their most important conclusion was that no artificial redistribution of the unanalysed 
fraction could improve the accuracy of simply "lumping" the fraction for the whole of the 
remaining sizes to one remaining sampling interval. They also found that for sediments 
truncated at 4o with significant fines the "lumped" fraction was best extended to 10o, and those 
truncated at 10o were best extended to 140. Accordingly these guide-lines were used In this 
analysis. 
Particle size statistics were calculated for all samples which had less than 13% unanalysed 
and which had had the unanalysed fraction distributed according to the rules given above and in 
figure 2.7. Mean, standard deviation (sorting), skew and kurtosis were calculated by a program 
KURT written by Tony Hayes and designed by the author as part of the GEOSHARE suite of 
database programs. The program uses the grouped moment measures given in Swan, Clague 
and Luternauer (1979) which are calculated and stored In a file along with the percentage 
passing data (calculated from the percentage retained records). The percentage passing 
against phi (o) plots were generated by the program running on the Queen Mary College 
mainframe and downloaded onto the micro for plotting. Statistics were also downloaded to a 
micro and loaded onto a spreadsheet where the common bivariate plots were created for 
analysis. 
The commonest bivariate plot as used by Lewis (1983) and Derbyshire (1984) to 
discriminate amongst various facies in glacigenic sediments is that of mean against standard 
deviation. This plot uses the 2 moments of the distribution least sensitive to error and Is 
frequently used to distinguish amongst diamicts. Derbyshire (1984) used this kind of plot to 
compare 8 different diamicts from both Pleistocene and active glaciers, and on the basis of 
observations in actively glaciated environments suggested genetic origins for various regions of 
the plot. Lewis (1983) gives a similar guide to diamicts sampled in a study of the Taff valley. To 
compare the results of a subdivision of the sediments by the clustering technique described 
above with that illustrated by this plot, the mean and standard deviations for the samples were 
sorted by new facies and plotted in a bivariate plot. The degree of separation and Integrity which 
the cluster facies show in this plot can be used to assess the success of the multivariate 
technique. 
If a high proportion of the described strata were sampled and particle size distributions 
determined then this data was used to regroup the whole set of sediments for a study area. In 
this analysis the particle size classes into which the sample was subdivided are considered to be 
equivalent particle size variables which themselves can be used as discrete parameters 
describing a sediment (Klovan 1966). In order not to overdetermine the matrix by causing the 
rows to add up to 100%, the last variable accounting for the "lumped" part of the truncated 
distribution was removed and the analysis carried out without it. This technique was used by 
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Cohen (1979) to group particle size distributions measured on facies from a glaclolacustrine 
delta, where it was also used to test an a priori hypothesis of facies subdivision. 
These particle size parameters can then be factored/ clustered to provide an alternative 
grouping of the original described sediments by finding which particle size samples, match which 
strata and regrouping them. This analysis had a final check by the use of multiple discriminant 
analysis to examine the form of the cluster groupings once primary groups were formed from the 
dendrogram. 
Another comparison of the groups of sediments formed into facies can be made by 
looking at the logs drawn up for the natural exposure in the area. In cases of very close proximity 
(within 10-25m) the logged section can be used to cross check the borehole/ trial pit 
descriptions to identify the individual units types. This can help in the problem of deciding what 
level of grouping for sediment groupings should be adopted ie are 2 similar strata in the 
borehole/ trial pit descriptions really distinct in the exposure? 
In a more general sense however, the exposure may be able to suggest the overall 
sequence and control of sedimentation and help in the fitting of defined fades together as a 3D 
scheme. If certain large scale structures can be seen in the exposure their occurrence may be 
judged to be more widespread when interpreting the maps of facies distribution. Clearly also, 
the exposures must be a final arbiter of the facies scheme erected for an area: thus if none of the 
facies determined from the descriptions can be located the. scheme must be re-evaluated. 
However, the exposure in this work must remain as simply a check or framework, as the real 
distribution and occurrence of a sediment type may not be reflected in an exposure: this is a key 
consideration in assessing the value of this multivariate facies analysis procedure. 
The analysis of the facies for a set of sediments falls into 3 main'phases: firstly, the 
standardisation and parameterisation of the sediment descriptions; secondly, the clustering of 
the strata and the selection of the facies groups; and thirdly, the checking of the facies scheme 
using other data, and the specification of the final facies scheme: This last step is simply the 
adjustment or rejection of the facies scheme as a useful summary of the sediments present and 
distinct at the study site. 
ý. 
The assessment of the facies' once they come to be compared to any alternative 
sediment data grouping scheme is made using 2 main criteria: firstly, the stability of the 
groupings, and secondly the hierarchy of grouping. The stability of the groups concerns the 
basic group membership and whether the same or nearly the same strata occur in the same 
combinations. This is easily seen for example in the bivarlate mean against sorting plots for 
particle size. The hierarchy of grouping concerns the level of grouping and the specific 
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associations of groups: if there are common groups but differently joined, which permutation is 
correct and at what level should the facies definition be set? This last decision involves some 
assessment of the spatial implications of the group's distribution: at a certain group size a facies 
may become 'viable' and spatially coherent. This may be because a real sediment facies which Is 
varying in identity slightly has been partitioned at too abstracted a level of detail. 
The approach adopted here is to take the grouping to a higher level and over generalise a 
facies if a check shows some overlap, since a diamict is highly likely to vary In composition. A final 
point is that the original method of sampling although probably sedimentologically fairly random 
may condition the dominance of certain facies types; thus distinct but limited groupings should 
not be ignored. 
Once a set of facies formed by the clustering technique described above have been 
checked and validated, it is then possible to examine the spatial integrity and distribution of the 
facies. This is the key step in the comparison of landforms and sediments: this section covers 
the solutions for the handling of the information, and the various grounds on which spatial 
comparisons can be carried out. 
When the described sediments are formed into a final facies set and labeled it Is first of all 
necessary to reorganise the described strata by height OD and positions. This allows the 
plotting of the original boreholes/ trial pits together as fence diagrams or spatial modelling using 
surface fitting. Using newly available micro-computer tools it is possible to build a simple spatial 
information system to contain the sediment descriptions, facies labels and spatial data (altitude 
and location) needed to rapidly carry out the various spatial analyses. 
From the earlier discussion in sections 2.2.3.1 and 2.2.3.2 it can be seen how the data 
involved in this analysis are held in a specially designed database GEOSHARE (Raper and 
Wainwright 1987) and parameterised for multivariate handling by the 'BH' set of software 
routines. Once the facies labels have been added to the main parameterised data file on the 
mainframe, the full descriptions, facies and heights can be downloaded onto a micro-based 
spreadsheet as a set of mufti-column row records. The sorting of the records from collection to 
facies order can then be automated, such that the various stages of interpretation and checking 
which are necessary can all be carried out by generating multiple 'views' of the changes in 
spreadsheet form. 
On the master spreadsheet containing the final fades set it is then possible to set up 
tables showing the borehole/ trial pit identifiers (shown in table 2.6 below in column A) and the 
top and bottom heights OD for the individual described strata in their fades groups (here called 
F1,5,6; F2; F3,4. Nb. blanks mean no occurrence): 
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A B C D E F G H I 
114 F 1,5,6 Top Bottom F2 Top Bottom F34 Top Bottom 
115 8018 227.8 226.2 8018 8018 226.2 224.2 
116 8018B 228.1 219.4 8018B 8018B 226.9 221.75 
11 71 8018A 8018A 232.4 227.71 8018A 
118 8019 8019 242.25 237.7 8019 
119 8075 8075 242.1 240.95 8075 240.95 239.3 
120 8074 244.35 241.7 8074 8074 
This requires the sorting of the top and bottom heights by facies and borehole/ trial pit and the 
copying of this data into a new table linked to the main records for automatic updating. In this 
way the fades present in a particular borehole/ trial pit (represented here as a row) can be readily 
examined. 
2.3.2.2 Plot fades transects 
The final form of the spatial information system on the spreadsheet Is dependent on the 
precise sequences of boreholes/ trial pits which are selected to be plotted together for a fence 
diagram. This decision is partly dependent on the landforms present in the study area: 
knowledge of their distribution and extent can be used to select alternative sections to be 
plotted. 
The basic landform morphology and distribution can be used in several different ways to 
explore different forms of sediment variability. In one sense the identification of one particular 
landform when there are a number of points In that area allows the plotting of a section to 
measure the similarity of a sediment sequence within a landform. Sections can also be plotted 
across several of the same landforms or across an inferred landform boundary eg into a channel 
feature, off a moraine. Sections can also be plotted down slopes to examine the change In 
sedimentology with distance or relative to the central axis of a valley. 
The mechanics of this process are considerably simplified by use of the spreadsheet 
since the sections can be plotted and altered easily. The decision on the orientation of the 
fence diagram was followed by the entering of a look-up table of distances along the section for 
which the heights (both top and bottom of a facies) could be plotted. This plot was then 
ornamented with a key made up of a ternary plot designed after Folk (1954) which uses gravel 
(and larger), sand, and mud (silt and clay) as end points: note that the maximum depth of drift is 
plotted as the base of the section. The ternary diagram is shaded in for the sectors covered by 
the facies as determined from the particle size distribution of the samples recorded for that facies 
(see figure 2.8 below): 
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GRAVEL(G, g) Q 
ý G >2mm 
Gravel %/ mG 
gM I gmS 
(g)sM I (g)ms 
MUD(M, m) 1: 9 V 1: 1 9: 1v ` SAND(S, s) 
<0.06mm Sand : Mud ratio 0.06-2mm 
Since this does not contain any non-particle size data an additional ornament was added to show 
clast provenance for some data sets since this was often diagnostic in fades separation. -, 
2.3.2.3 Three dimensional form of the facles 
Whilst the study of cross sections allows a detailed analysis of sequence in the sediments 
of the study area, the 3D form of the facies defined is also of importance. Maps of the 3D form 
are useful both because they show the gross location of the sediments within the valley and 
because they allow some approximations to be made about the surface shape and thickness of 
the facies (Raper 1988a). However, 3D modelling requires a detailed insight into the techniques 
used to avoid the generation of spurious graphical models (Lancaster and Salkauskas 1986). 
Note that while most of the maps used to show 3D form are contour maps, perspective view 
block models (which use a coordinate transformation to give the eye a depth cue) are very useful 
for visualisation. 
The key to the effective use of 3D modelling is in the adoption of data dependent 
techniques throughout the analysis. The most important aspect of the data for 3D modelling is 
the position of the points in the X, Y plane, as they are almost always irregularly distributed and 
prone to clustering in certain areas. This factor will therefore require the interpolation of the 
known points to some new spatial structure covering the data area which can be used to create 
contours and create isometric diagrams. Peucker(1980) suggests an approach to the evaluation 
of the spatial data to select the appropriate techniques stressing 3 major factors.,,, 
The first factor concerns the data points themselves, their number, distribution and 
vertical/horizontal accuracy. In the case studies which follow the data points are usually few, 
irregularly distributed but of good horizontal and vertical accuracy since the points are 
individually surveyed in to benchmarks and continuously measured down the hole. This would 
suggest use of an interpolation algorithm which uses the points and not a surface- wide 
polynomial fit to estimate the values of a new grid structure for contouring, since the points are 
few but of high quality (the question of the 3D facies identity is discussed in chapter 1). The 
second factor concerns the nature of the surface Itself le Its smooth/ roughness and Its 
continuity. In general the state of knowledge about a facies surface Is poor for details and it is 
not a priori expected to be smooth. This would also suggest that the best algorithm for these 
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requirements would be non auto-correlated and not a complex surface fit but linearly 
interpolated from the points. The third factor Peucker (1980) stressed was the end application 
of the modelling: here he suggests that if contouring and isometric diagrams for accuracy of form 
are the objectives then a linear interpolation using a surface fit to the local points is usually best. 
Accordingly, the, approach used reflected these criteria and the main package used was 
GINOSURF which uses a pointwise linear interpolation technique to establish a paraboloid fit for 
each point on a new grid.. In an empirical assessment of a variety of common commercially 
available interpolation packages Grassie (1982) considered that GINOSURF produced results for 
earth science data which were as good as any of the other packages available. Note also that 
grid based interpolations computationally scale the density of the grid of Z values generated 
according to the number of points available, illustrating ,a 
useful data dependence inherent in 
the use of this kind of surface approximations to explore surface form. 
Given this theoretical background, contour maps and Isometric diagrams were computed 
whenever it was felt that there were adequate points arranged in a suitable spatial arrangement 
le. not overtly linear. The results are interpreted cautiously in the light of the landforms and any 
available exposure as a visual hypothesis: along with the whole sediment analysis it is anticipated 
that the interpretation can be improved with additional information. 
2.4. PROCEDURES OF LANDFORM ANALYSIS 
2.4.1 INTRODUCTION 
In common with the description of sediments, it is considered necessary when 
characterising landforms to use the most objective available methods. The use of genetic 
terminology has therefore been restricted in this study to the interpretation of the fully measured 
landform features. If objective landform description is to be achieved either feature-based 
morphological subdivisions of the terrain must be established, or accurate elevation models 
have to be generated. 
This work has concentrated on direct feature mapping of the landforms using feature- 
based slope mapping rather than the formation of digital elevation models (DEM's) for 2 main 
reasons. Firstly, the grid of heights needed was not available at the required density: Coe and 
Cratchley (1979) suggest that ä sampling grid for a surface model should always be'spaced'at 
twice the minimum surface wavelength of variability. The DEM Is typically optimised for the study 
of the continuity of a surface either regionally (Evans 1979) or locally over smooth terrains such 
as stream `catchments' (Zevenbergen and Thorne 1987), and n1 for the. rough and 
discontinuous surfaces found in glaciated valleys. Secondly, the limitations of DEM analysis to 
the derivatives of the altitude values at 90° angles (le slope direction and plan/ profile curvature) 
does not cater for the requirements to directly identify landform plan shape. 
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By contrast the mapping of slope facets (although not fully objective) offers a purposive 
sampling of the landforms at a large scale from air photographs or in field survey, which provides 
information on the key landform attributes of slope azimuth and breaks of slope. This feature- 
based mapping of landforms and their measurement however poses some problems of 
definition, such as how to delineate a single or group of landforms and how to describe them In a 
non-genetic way. This section sets out the conventions used and the techniques of 
measurement applied: the importance of the landform in interpreting the landscape evolution of 
glaciated valleys is discussed in chapter 1. 
Given the need to compare the landforms and sediments In this study It was thought 
important from the outset to separate genetic and non-genetic terminology, 'Therefore the use 
of the terms bench, basin and mound are used wherever possible rather than terrace (inferred 
fluvial action), kettle hole or kame (inferred glacial action) to prevent assigning a specific origin 
before the Iandforms and sediments had been compared and their common evolution 
discussed. This aspect of methodology was carried through to the measurement of the 
Iandforms in that the air photo and field mapping was by morphology rather than morphogenetic 
interpretation. 
In practice the aim was to map the forms on the basis of the constituent slope elements 
using the method of Savigear (1965) and interpret the whole suite of landforms at once when all 
the data had been collected. The approach to the delineation of groups of landforms was by 
area subdivision, where zones delineated by some change in slope form are evident. These 
landform groups can then be assessed as a whole or separated Into Individual units by a 
common criterion such as inferred process origin or crude slope form. 
The mechanics of the data collection usually involved 2 main stages (Brunsden et al 
1975): firstly, the mapping of slopes, water courses and man-made reference points from air 
photos to obtain a wide cover using a vertical perspective; secondly, the field checking, and 
measurement of slope angles where detailed analysis was useful. 
The whole of each study area was mapped initially by the Interpretation of (usually) 1: 2500 
scale stereoscopic aerial photo coverage flown before the development affected the study area. 
This scale and coverage proved to be Ideal for the Identification of the landforms, since the 
development often obscured some of the original features. The maps were usually compiled for 
a corridor on either side of the development corresponding to the whole area for which data was 
available on the sediments, and once compiled were field checked by a walk over survey. 
The maps are prepared ý using the morphological system suggested by Cooke and 
Doornkamp (1974) and based on Savigear (1965), using symbols shown In figure 2.9. The 
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details were traced onto a sheet of acetate for each stereo area where 2 photos overlapped, and 
progressively corrected for distortion by careful overlapping. The arrows marked show the 
direction of maximum slope gradient for an Individual slope facet, the colours green and red 
outlining the apparent rock outcrop and drift sediment cover morphological zones respectively, 
with blue for water courses and black for man-made features. The landforms are described for 
zones and points marked on the landform maps within each study area. Where useful, the tonal 
range of the slope facets mapped were noted for comparison with the sediment details. 
This mapping was carried out by field survey in areas where detailed landform analysis was 
useful. The site investigation work for new engineering developments usually produced 
detailed maps and plans at a scale of 1: 2500 or larger which were used as base maps for the 
slope details. 
In practice this technique first involves the identification of the prominent breaks of slope 
in a small area all of which can be seen from the observer's standpoint. The major breaks of 
slope are then drawn on to a large scale base map by process of resection from known points on 
the ground such as walls, streams or buildings. The minor breaks of slope are then added within 
the framework of the major ones, and all of the slope angles are measured for each individual 
facets of terrain. Slope angles were measured using a sighting clinometer to view a staff marked 
off at the height of the observer, and stuck into the ground. 
Although by definition not every slope facet angle can be measured, considerable time 
and care was taken to Include all features except microrelief eg. slope terracettes, and to 
attribute only one slope angle per facet. Where there appear to be several angles unseparated 
by breaks of slope, this can be taken to indicate a minor slope flexure in terms of the maximum 
slope azimuth. 
Once the landform maps have been produced (using one or both methods) the individual 
mapping sheets are tiled together and made up Into a composite landiorm map of the whole 
study area. This map is reduced photographically to A3 size or smaller and labeled with points or 
areas referred to in the text. The map is then analysed for patterns and features which can be 
identified by comparing the forms with actively glaciated environments (eg Eyles 1983b) or a 
clear sequence of superimposed 'events' such as channeling (eg Gray 1975). This commentary 
forms a gazeteer of landforms and is used to define the discernible constructional and 
destructive history of the Iandforms, and suggest possible origins for the patterns of 
sedimentation within the valley. 
In some areas it has been possible to subdivide the Iandforms Into 'functional' zones 
related to the original processes of deposition. These zones. are bounded by some slope 
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based discontinuity and appear to represent the influence of a distinct set of processes. When 
slope angles have also been measured in detail for these zones, histograms of slope angle have 
also been plotted to provide the means to carry out some inter-area comparisons. Here the 
frequency of occurrence of an angle is divided by the frequency of the modal class to give a 
dimensionless measure of sampled slope occurrence in a zone. This histogram can be 
compared with those from other zones and the slope frequency distributions contrasted, if the 
histogram is considered as a high percentage sample of all the slopes in the zone. Whilst the 
characteristics of such a distribution are unknown and vary with the prevailing local and regional 
slopes, some useful features can be identified. 
2.5. CONCLUSION 
The forgoing discussion has concentrated on the methodology of the procedures 
adopted to characterise the sediments and landforms in glaciated valleys. The objective in the 
case study of several glaciated valleys is to define the nature of the landform-sediment 
relationships measured by establishing the constructional and destructional history of the 
terrain. Using these observations to establish the sedimentary architecture of each valley will 
help define the approach to using landform-sediment relationships in other areas, where unique 
events and conditions will after the precise relationships. 
This procedure is considered important in both the understanding of glacial stratigraphy 
and the use that engineers make of terrain data in engineering design and site investigation. A 
unified approach to the characterisation of landforms and sediments, the definition of their Inter- 
relationships, and the sequence and morphology involved in the development of their 
architecture is considered to be a valuable form of progress In the understanding of glaciated 
valley evolution. 
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Figure 2.4 Plan of the scheme used to compile an engineering description 
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Figure 2.6 Three dimensional histogram showing the number of observations on each particle size 
parameter for each percentage retained value range. All original described sediment facies in the 
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Figure 2.9 Legend for landform maps 
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CHAPTER 3 
STRATHSPEY- NE OF KINGUSSIE 
3.1. INTRODUCTION 
This chapter covers work on 2 sections within the study area of Strathspey near 
Kingussie, forming a transect extending from the north eastern outskirts of Kingussle to 
Meadowside Quarry (See figure 3.1). Strathspey forms a wide route through the Central 
Highlands and as such is a vital transport corridor used since the earliest times. General Wade 
built a military road into the Highlands through this area in the years after the 1745 rebellion, and 
the Highland Railway chose this route for its main line north in 1863. The modernisation and 
upgrading of the A9(T) from Perth to Inverness in the late 1970's was the most recent 
transportation project In the area- one which provided much of the data for this investigation In 
the form of air photos, borehole/trial pit logs and detailed surveying (see Appendix A). 
C., . 
3.2. PHYSICAL BACKGROUND TO THE STUDY AREA 
3.2.1 GEOLOGICAL HISTORY 
The rocks which form the bedrock of Strathspey and the surrounding area seem originally 
to have been deposited in the Late Precambrian period, and are considered to belong to the 
'Grampian' and 'Appin' Groups within the lower part of the 'Dalradian, Supergroup' (Harris and 
Pitcher 1975). Lithologically the sediments were originally a mixture of muds, sands and 
carbonates deposited in a shallow shelf environment, but were subsequently strongly 
metamorphosed to quartzites, schists, and slates during the Lower Ordovician 'Grampian Period' 
of the Caledonian Orogeny. Since the tectonics of the Caledonian appear to have been 
generated by the closing of the Iapetus Ocean along a south west-north east trending line 
(Harland and Gayer 1972), numerous faults trending In this direction are developed In 
association with the orogenic belt, one of which may have influenced the NE-SW trend of 
Strathspey. Following the Orogeny the Grampian Highlands seem to have experienced 
widespread plutonism, as numerous granites were Intruded Into the metamorphosed sequence 
at this time, Including the Caimgorms and Geal*Charn Mor above Loch Alvie. 
In specific terms the bedrock of the study area Is formed of a micaceous schist which 
outcrops on the upper slopes above the study area (Barrow, Hinxman and Craig 1913; Hinxman 
and Anderson 1915). In places it is intruded by pegmatites and in the lowest part of the Raitts 
Burn gorge just above the house at Balavil some felsite/ quartz porphyry outcrops. 
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There has been considerable debate since the time of Archibald Geikle about how the 
Highlands have developed, and there seems little agreement on the exact form of their 
evolution (Sissons 1976). However, it is generally agreed that these uplands were uplifted and 
exhumed from beneath a set of Mesozoic sediments eroded during the Tertiary, of which little or 
nothing now remains on land. The drainage of the Highlands seems related to this process, but 
there is little agreement on the remnants of, or evidence for, marine planation or subaerial 
erosion associated with the denudation. 
In this area the geology does not appear to have influenced the topographical framework 
strongly, as the deep, wide Strathspey trough has been excavated in the resistant and 
complexly folded schists and gneisses of the Dalradian Grampian and Appin Groups. The form 
and orientation of Strathspey is possibly explained by the re- excavation of an ancient fault 
guided valley of Palaeozoic age infilled by Old Red Sandstone In Devonian times (Bremner 
1942). Latterly in the Quaternary the greatest influence on landscape evolution has been the 
use of Strathspey as a major corridor for the movement of ice, as is seen in the widespread 
occurrence of ice moulded bedrock (Young 1978). 
After the last glacial, the River Spey has had the greatest influence on landscape 
evolution in Strathspey. Since regional deglaclation the river has evened out many of the 
irregularities in its long profile. Obstacles remain such as Loch Insh, which was sounded by 
Murray and Pullar (1900) showing a maximum depth of 30m. There also appear to have been 
several cycles of cut and fill on the valley floor both during the late glacial Ice wastage and 
postglacially after the disappearance of all inland ice, leading to the formation of a wide flood 
plain between Newtonmore and Loch Insh, now fringed by low benches. 
During the last glacial period the area of Upper Strathspey was filled with Ice up to the 
highest summits by 22 coalescing ice streams according to Charlesworth (1955), 17 of which 
originated from the south and west (principally the Rannoch Moor area, (see Thorp 1987) and 5 
from Glen Banchor to the west of Newtonmore. Evidence that erratics from Glen Tromie travelled 
south to north over Strathspey to the Dulnain watershed would seem to support this view 
(Young 1978), along with glacial striae oriented SSW-NNE along the valley (Barrow, Hinxman 
and Craig 1913; Hinxman and Anderson 1915). 
Whilst the glaciation in the Central Highlands may have reached its maximum from 17- 
18,000BP, Strathspey appears to have become ice free by as eanyas about 13,000BP. This is 
indicated by the radiocarbon dating of the basal organic peat In a core from Loch Etteridge to the 
SW of Newtonmore (Sissons and Walker 1974) to 13,151 ±390BP. Whilst the glaciers on the 
Gaick Plateau to the south expanded during the Loch Lomond Stadial (Sissons 1974), the Ice 
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limits were remote from Strathspey, although the Spey would have formed one of the main 
drainage outlets for the wasting of the main ice sheets in the Rannoch Moor area. 
3.3. LANDFORMS OF THE STUDY AREA :: ! ''i 
3.3.1 INTRODUCTION 
The landforms along the north side of Upper Strathspey have excited controversy since 
Chambers (1848) suggested that the benches fringing the valley floor were 'rests of the sea'. 
While Brown (1871) refuted this, suggesting that they were In fact postglacial river terraces, a 
detailed examination was not carried out until the work of-Young (1978). His 1978 paper is a 
detailed survey of all the landforms from the summits of the Monadhliath Mountains to the north 
to the valley of the Tromie in the south, and advances a detailed hypothesis for the regional 
pattern of deglaciation. 
The purpose of this work is to characterise the landforms and sediments of this area and to 
record the constructional shape and destructive influences on the glacial terrain. The role of 
generic terminology can also be explicitly tested in this area by cross checking Young's (1978) 
mapping with the sediment facies located and described. 
3.3.2 OVERALL LANDFORM PATTERNS IN THE STUDY AREA - 
3.3.2.1 Previous Work 
The earliest accounts of the landforms in the Spey Valley seem to be primarily concerned 
with the origin of the benches fringing the flood plain in Upper Strathspey from Newtonmore to 
Loch Insh. Geikie (1901) and Hinxman (1901) considered that they were kame terraces noting 
their variable width and up-and-down long profile, a view which Young (1978) shared, pointing 
out that there are several occurrences of dead Ice topography below the general level of the 
benches. There has also been speculation about the former existence of lakes in Upper 
Strathspey by Hinxman (1901), Newbiggin (1906), Barrow, Hinxman and Craig (1913) and 
Hinxman and Anderson (1915) who cited the existence of 'lake terraces' and deltas on the low 
ground fringing the Spey: Young (1978) however, could find no evidence to support these 
latter observations. 
The, most important work carried out in this area is the comprehensive "Landforms of 
Upper Strathspey" by Young (1978) who produced geomorphological maps at a scale of 
1: 25,000. The key features identified were a series of meltwater channels which cross the 
watersheds between the largest tributaries to the Spey and form drainage lines sub-parallel to 
Strathspey, gradually descending to the valley floor. In this study area one such route 
descended from the upper reaches of Allt Mor, across Raitts Burn to Allt na Baranchd and Into 
Loch Insh (see arrows on figure 3.1), while another passed from Loch Gynack (itself probably a 
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glacial breach) and across the lower slopes of Creag Bhalg Into Allt Cealgach and the 
surrounding area. These routes are considered by Young (1978) to have. formed on the 
regional slope of the wasting ice sheet to the NE and to have been progressively superimposed 
on the emerging terrain beneath, during the course of the downwasting of the ice. 
The margins of Strathspey in the study area show considerable evidence of the 
depositional activity associated with these events. Thus, Kingussie itself is located on the large 
fan built out by the Gynack, whilst numerous sinuous ridges (mapped as eskers by Young 1978) 
reach the floor of the valley between Kingussie and Lynchat. North east of Lynchat a bench 
similar to that seen between Newtonmore and Kingussie reappears and extends to Loch Insh 
broken significantly only by an incision at Meadowside house. Young notes that the eskers 
mapped between Kingussie and Lynchat turn from running along the valley and run vertically 
down the slope in the last few hundred metres: this is interpreted as indicating that the final part 
of the course passed under the Ice. Finally it should be noted that on the higher slopes of 
Upper Strathspey where the bedrock is exposed, a large number of examples of streamlined 
bedrock were mapped by Young showing a dominant azimuth of between 020-0600, which is 
slightly across the trend of the valley, reflecting the influence of the tributary ice from the 
, south. _ 
The whole of the study area was mapped initially by the Interpretation of 1: 3000 
stereoscopic aerial photo coverage flown before the road was constructed (see figures 3.2 and 
3.3). The coverage and scale proved to be ideal for the Identification of the landforms, since the 
construction of the road has obscured some of the original features. The maps were compiled' 
for a corridor on either side of the new road corresponding to the area for which data was 
available on the sediments, and once compiled were field checked. The landforms are 
described below for each of the 2 study sections, which have been divided into zones marked 
on the summary maps shown in figures 3.4 and 3.5). 
The Iandforms in this study section have been divided into 3 main zones reflecting the 
distinct landform areas. The limits to the study area are Spey Bridge at Kingussie and the 
MacPherson obelisk just SW of Balavil Lodge (see figure 3.4 and plate 3.1). 
The zone 1 encompasses the large flat topped bench across which the new road passes 
between Spey Bridge and Kerrow Cottages (plate 3.2) and the lower valley side slopes around 
Craig an Darach. Although the railway was excavated through it (the old A9 occupies what 
appears to be a natural cut), the bench is a single distinct feature with an upper surface delimited 
by the 230m contour on the engineering plans (contour interval =2m). Around the outer flood 
plain edge of the bench is a steep slope in places being actively undercut by the River Spey, 
especially at Spey Bridge where the sediments are exposed (see section 3.4.5 below). The 
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inner (NW) side of the bench along the valley side makes a less distinct junction with the lower 
valley side slopes since a cut has removed the edge along the old A9 and along the line of the 
track. to Kerrow Cottages, where the cut is also hummocky. 
The presence of cross cutting channel features and the uniform height of the feature 
suggests a fluvioglacial origin as an outwash terrace. The terrace has the appearance of either a' 
fragment of an earlier valley floor outwash train now isolated by postglacial lateral erosion or of a 
single sedimentary body originally deposited in an ice supported position. In either case Ice was 
clearly present as is Indicated by the large kettle-like hollow directly opposite Craig an Darach, 
and a mound on the surface of the terrace seen in section at Spey Bridge (see figure 3.39). 
There is also a single mound immediately down valley to the NW of the bench (A in figure 3.2) 
showing no signs of erosion around the base and with a pronounced constructional form shown 
by the steep sides and the sharp ridge crest descending towards the centre of the valley from a 
central conical feature. The survival of this feature so close to the terrace suggests that ice 
supported and protected the feature: the form suggests perhaps formation in a moulin. , Little 
can be said about the slopes above the bench: they descend smoothly towards the valley floor 
except to divide around the small hill of Craig an Darach where the schist bedrock outcrops and 
several smaller hummocks are seen. 
The second zone along the route corridor in this study area covers a diverse set of 
landforms at the margins of the Spey flood plain, extending NE from Kerrow Cottages along the 
line of the new A9 road (see figure 3.4). In this area there is a flat marshy embayment 700-800m 
long in the valley side, which is almost enclosed from the main part of the Spey flood plain by 
several low kame- like mounds, one of which supports the Kingussle cemetery: both the old A9 
and the railway use this stretch of dry ground, while the earlier General Wade's road follows the 
lower slopes where the new A9 road is routed. The origin of this embayment may be itself as a 
large kettle hole subsequently filled in by both sediments from the flood plain and the valley side 
streams. The major outlet is used by the Allt Cealgach which when it was re-bridged provided 
some site investigation data on the sediments In this area (B on figure 3.2). 
Along the inner margins of the embayment are a set of hummocky slope foot landforms, 
for example the ridge considered by Young to be an esker just to the NE of the Kerrow Cottages 
(now removed in the road construction). This feature which was long, sinuous and with a sharp 
crest ending abruptly is the best preserved of, a; number of similar ridges which end in this 
embayment (C on figure 3.2). However, whilst there are several ridges and areas of hummocks, 
there are also some small active fans being built out onto the valley floor between them. These 
may be the results of storm sedimentation In the postglacial or have developed substantially 
during deglaciation, subsequently only being modified. 
The third zone in this study section covers the area of higher ground along the valley from 
the embayment and as far as the MacPherson obelisk just beyond Lynchat (see figure 3.4). 
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Bisected by the railway line is another small bench feature which has a similar form to the terrace 
at Spey Bridge (with a kettle hole in the surface) and is delimited by the same 230m contour on 
the engineering plans: the 2 features are quite possibly remnants of a former low gradient valley 
floor, perhaps partly developed on ice. The old A9 road runs through a cut on the inner side of 
the bench rising from the floor of the'embayment' over a small but wide ridge and skirting a large 
kettle hole (plate 3.3) before crossing the stream in Lynchat. The line of the new road however, 
crosses some complex topography above Lynchat including 2 distinct ridges, which are 
separated by a hummocky kettled valley now occupied by a small stream. The ridges are steep 
sided, sinuous and delimited on their flanks sharply by basal, breaks of slope, and descend 
steeply to the valley floor where they end abruptly and were considered by Young (1978) to be 
eskers. Note however that there are some further mounds beyond the end of the eskers, 
including one low one out on the valley floor east of the railway line (D on figure 3.2). 
The flat topped bench which is the site of the MacPherson obelisk (E on figure 3.2) may 
possibly. be an extension of the last mentioned ridges, or a separate feature such as another 
fragment of the bench seen at Spey Bridge or at Lynchat. This is more likely as the top surface is 
once again delimited by the 230m contour and the inner side of the bench is the site of a cut 
parallel to the valley long axis. Above this cut the steeper valley side slopes descend to the 
valley floor in a slightly stepped profile: this may be linked to the outcropping at 2 places on 
these slopes of the schist bedrock. 
The landforms in this study section have also been divided Into 3 main zones reflecting 
the major landform associations (see figure 3.5). The limits to the study section are Raitts Burn 
by the MacPherson obelisk and the Meadowside Quarry (plate 3.4). 
The first zone covers the larger area around the Raitts Burn fan and extends up to the 
East Lodge gate of the Balavil Estate. Raitts Burn Is one of the major tributaries to the Spey in 
the study area and as such had a major role in the regional deglaciation scheme described by 
Young (1978). Water diverted from Allt Mor into the upper reaches of Raitts Burn was then 
channeled into Allt na Barachnid; however it seems clear that some also descended the valley of 
the Raitts Burn cutting a large gorge and building out a large fan onto the valley floor (figure 3.1). 
Raitts Burn is heavily incised Into the bedrock of the valley side slopes, and has a narrow rock 
sided exit from the gorge to the valley floor: the fan has an area of 500-600m2 and Is bounded 
on the SW by the obelisk bench. The modern stream Is only slightly Incised Into the fan and Is 
constrained to a fixed channel conveying it to the Spey; the fan edge is indistinct, but probably 
lies just short of the old A9 (figure 3.3). 
In the NE of this zone around the Raitts Burn fan a low ridge is seen (broken into several 
parts), at the base of the valley side slopes but distinct from them (A on figure 3.3). The slopes 
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are stepped in profile as on the SW of the obelisk and since bedrock outcrops only 200- 300m 
up the slope are once again probably influenced by this. At East Lodge (B on figure 3.3) there is 
a small fan linked to a channel descending the slopes but with no significant discernible modern 
source. ,. 
The second zone of Iandforms in this study section extends from the East Lodge to a 
small gully and fan at a point just below the farm at Croftcarnoch (D on figure 3.3). In this area the 
high, steep sided bench similar to that seen between Newtonmore and Kingussle (Young 1978) 
begins abruptly at East Lodge, with its upper surface lying between 245 and 250m. The whole 
area of this bench has a rougher and more variable surface topography than the areas previously 
described, with a large number of steep sided hummocks and channels. This is probably related 
to the apparent nearness to the surface of the schist bedrock, seen outcropping in a quarry just 
beyond East Lodge (C on figure 3.3), and in places on the slopes near Croftcarnoch Farm. 
The most important feature of this area is the complex along-valley channel system seen 
running parallel to the valley long axis between the sharp break of slope at, the edge of the 
bench and Croftcarnoch. This system appears to be aligned closely with the discontinuous 
ridge SW of East Lodge (feature A on figure 3.3), and lies up to 5m below the height of the outer 
edge of the bench, and is sometimes mulled with peat. Note that the upper slopes above 
Croftcarnoch are very rough and irregular and probably only thinly covered with drift. 
The third and final landform zone in this study section extends from the small gully below 
Croftcarnoch (0 on figure 3.3) to the large gully Immediately NE of Meadowside house at 
Coilintuie. This area Is very similar to the last described but has a larger area of rock at the 
surface, especially to the west of Meadowside House, where the surface topography Is very 
complex. The channel feature noted running parallel to the edge of the bench In the last zone 
can be seen to be aligned with and possibly continuous with a large ridge adjacent to 
Meadowside House. Note however, that just at the beginning of this area a second gully parallel 
to the first, but with a dog-leg NE along Strathspey cuts deeply through the bench to the valley 
floor (E on figure 3.3). The dog-leg appears oriented In the direction of the along valley channel 
identified in zone 2, and may have been an escape to rower ground at a late stage in the 
downwasting of the ice. 
There is a deeper gully cut through the bench at Coilintuie which Is mentioned by Young 
(1978) and seems to be another outlet for the regionally diverted drainage detailed above. The 
valley floor along the Spey in this zone, as in the previous one Is absolutely flat and the base of 
the bench Is delimited by a very sharp break of slope, perhaps Indicative of the active lateral 
erosion of the River Spey. The zone ends at Meadowside Quarry 400m beyond the gully at 
Coilintuie: many of the original landforms in this area have been covered by spoil tipping and 
earth movements associated with the quarry. However, there appears to be a continuation of 
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the bench edge ridge seen earlier in zone 2 along with some channels and ridges as far as the 
quarry. 
3.4. SEDIMENTS OF THE STUDY AREA 
An investigation of the sediments in this area has been made possible due to a 
comprehensive site investigation carried out in 1978 for the new A9 Trunk Road. Whilst earlier 
route alignment investigations by the former Inverness County Council led to several initial lines 
of borehole/ trial pits being placed, the main investigation was by the Highland Regional Council 
(HRC) who carried out a comprehensive programme of section logging at exposures, trial pitting 
and the drilling of boreholes. Detailed survey plans at a scale of 1: 2500 and stereoscopic air 
photo coverage are also available for the road line. A wider spatial coverage of sediment 
investigations was obtained by using the borehole and trial pit data collected during the planning 
of 2 other small engineering schemes in the Kerrow-Lynchat area. These were the replacement 
of the Alit Cealgach Bridge on the old A9, and a drainage scheme at Lynchat (see figure 3.1). 
With the early exception of the Geological Survey, very little work has been carried out on 
the sediments prior to the planning of the new A9. The paper by Young (1978) whilst being the 
only paper recently written on the area, only covers the landforms in detail (see section 3.2), 
mentioning simply that the 'drift cover is very variable in particle size distribution and is thickest 
on the "lower gentler slopes and in the bottom of tributary valleys" (to the Spey). He also notes 
that fluvioglacial meltwater channels cut into and eskers rest upon this 'drift cover evidently post- 
dating it, which it is suggested proves that the general drift cover is not ablation till. 
The work of the Geological Survey falls into 2 separate Memoirs which conveniently 
replicate the division of this work into 2 major sections. In the Kerrow- Lynchat area the primary 
sediments recognised are fluvioglacial associated with esker ridges. The eskers are described 
as likely to be of englacial origin according to Barrow, Hinxman and Craig (1913) being 
composed of: 
"well stratified sand and gravel, the stratification often corresponding with the 
outward slopes of the ridge, and (lying) across and even at right angles to the slope 
of the ground" (p96). 
In the Raitts Burn to Meadowside Quarry area the main features described are the valley side 
benches, which are considered to be kame terraces and never formerly continuous across the 
valley (Hinxman and Anderson 1915). They are described from exposed sections (at 
unspecified locations) as being composed of: 
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"finely laminated sand with lenticular beds of well rolled gravel, usually somewhat 
fine grained... The finer stratification sometimes exhibits violent current bedding 
and oblique stratification, sometimes at high angles. " (p72). 
These observations led Hinxman and Anderson (1915) to observe that the sediments were laid 
down as if by water pouring from a central axis", ie a downwasting glacier occupying the central 
valley. 
The final contribution to the study of the sediments is that of Mykura, Ross and May 
(1978) in the "Sand and gravel resources of Highland Region", a publication of the Institute of 
Geological Sciences. This contains a brief survey of this part of Upper Strathspey noting large 
volumes of sand and gravel in depths up to 20m in the benches, and describing the sediments 
of the flood plain as well bedded silts and sands. 
The sediment data for this study section consists of 17 trial pits and 4 boreholes from the 
Highland Regional Council contract for the A9 and 5 trial pits each from the Allt Cealgach Bridge 
and Lynchat drainage schemes. All sediment logging was carried out according to the Highland 
Regional Council description scheme (only slightly modified after CP2001 1957) and a sample 
of descriptions were checked against the particle size curves to calibrate the terminology used. 
In this study area the descriptions were not usually complex and the terms used appeared to 
accurately describe the sediments. Unusually in this scheme the sediments were sampled once 
for almost all of the strata described in the trial pits and a particle size distribution measured. Due 
to the sandy nature of the sediments however, no Atterberg limits were obtained. Borehole and 
trial pit heights were leveled in to OD and locations were marked on 1: 2500 plans from which the 
grid coordinates were taken. 
Due to the fact that the sediments in the Kerrow- Lynchat area are largely sandy making 
them difficult to recover below the water table, most of the points of ground investigation are trial 
pits up to 5-6m deep. Only 3 of the boreholes reached rockhead, which was found to be 
micaceous schist in all cases. 
A reconstruction of the depth of drift can however be made by mapping rock outcrop and 
also the (usually minimum depth of drift in the trial pits. A general trend seems evident where 
the line of section is orientated across the valley showing that the sediments thicken rapidly off 
the slope. At Spey Bridge In the middle of the valley boreholes penetrated almost 25m of sands 
and gravels below the surface of the terrace (230m), whilst only 450m away at Craig an Darach 
(NH01050/76350) there is an outcrop of schist bedrock 14m vertically higher than the top of the 
Spey Bridge section at 244m OD. At Lynchat, on the steeper slopes above the valley floor 
schist bedrock outcrops under the ridge in borehole 4 at 252.3m and below in the field adjacent 
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to the ridge at 240m (NH78425/02075). Only 390m away from this last point at the valley floor, 
end of the section in figure 3.19 the sediments dip below 215m OD in trial pit LD2 without 
reaching bedrock- a similar minimum level to that seen at the Spey Bridge section. 
Along the length of the road fine the minimum depth of the drift averages 2-4m across 
rolling topography at the very edge of the flood plain. This pattern is sporadically broken by 
drainage Ines showing the general depth to be at least 10m in places. 
The overall pattern which is reconstructed suggests that the sediments thicken off slope 
sharply. There is usually a nick in the cross valley profile where the Spey has laterally extended 
its flood plain as seen delimited by a continuous break of slope (see figure 3.2) Much of the 
current form of the Spey flood plain below this break of slope is post glacial in origin, making the 
delimiting break of slope also an isochron: the sediments of the lower valley side slopes are 
largely relict unlike the still active flood plain. 
In order to investigate the spatial patterns of facies described from boreholes in the drift 
sediments, the technique of objective strata grouping described in chapter 2 was carried out. 
Thus, once the borehole strata descriptions for the Kerrow- Lynchat area were stored in the 
GEOSHARE database, coded and converted to formatted sediment parameter rows, the 
resultant matrix was submitted directly to a cluster analysis. Note that for this data only 10 
parameters were available viz. density, clast shape, hue and grey shade in addition to the 6 main 
particle size groups; the reduction of variance using factor analysis was found not to improve the 
clarity of the groupings and was therefore not adopted in this grouping procedure. 
The cluster tree produced by this technique (figure 3.6) shows the similarity structure for 
the strata descriptions from boreholes in the study area. Initially the tree was subdivided into 
significant groups of 6- 8 strata discrete at coefficients of difference between 2.0 and 4.0 
without any knowledge of the sediment descriptions. Once this subdivision was established the 
particle size constituents of these 9 primary groups (A-1) were identified, and some of the groups 
further subdivided (not groups D and E) so as to obtain a set of strata groupings each distinct in 
particle size terms. These 17 secondary groups are numbered Al. A2 etc. The secondary 
groups were then amalgamated into $ basic Gthofacies by manually joining any groups with very 
similar characteristics distinct only by virtue of missing non- particle size parameter data (viz. 
A2/G1; B1/D/F2; Al/G2; E; F1/13; WB2,3/C1; C2/12; 11), which are named 1-8 respectively. 
To test the the usefulness and stability of this grouping a multiple discriminant analysis 
(MDA) was carried out after adding the appropriate label 1-8 to the sediment parameter rows. 
The resulting 2 component MDA plot (figure 3.7) shows the similarity of the groups as measured 
along the axes of maximum group discrimination, and, In the analysis of group membership 
labels shows the Individual strata which have been misclassified. After making the adjustments 
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to the group membership suggested by the MDA (affecting 5/66 strata), the 8 groups were 
closely compared. An examination of the particle size curves and the non- particle size 
parameter data for the 8 groups suggests that only 3 main facies are significantly distinct (A, B, 
and C). In particular there appear to be few trends amongst the non- particle size parameter data 
in the sediments of this area, with colour, clast shape and density varying as much within groups 
as between them. In the MDA the parameters entered to define the discriminant functions were 
(in order of entry) gravel, sift, sand, cobbles and boulders: no non- particle size parameter was 
entered as no single parameter contributed adequate variance to the discrimination process. 
This final sediment grouping based mainly on particle size distinction was then used to 
sort the full borehole strata descriptions in figure 3.8. particle size curves in figure 3.9 and the 
particle size statistics in figure 3.10. 
The 3 main facies (named A, B. and C) formed after an examination of the MDA plot, 
particle size curves and non- particle size parameter data represent the main Gthologically distinct 
sediment types found in the investigation of this study area. The characteristics of each group 
are briefly described below: 
a. Facies Igroi1ps 2.3.45.8) 
In particle size terms this group is composed mostly of sand and gravel, with mud fractions (<4o) 
(only up to 12% and mostly <5%) and cobbles (>-6o) accounting mostly for up to 20%. Most of 
the sediments sampled are very evenly graded from -7o to +4 with only 8 or 9 out of 28 being 
either a) more coarsely graded in the gravels, and b) more finely graded in the sands. In the 
mean against sorting co-plot these sediments are found in the coarser and most poorly sorted 
area of the plot (figure 3.10). 
B. Fades (groups 1 . 6) 
The sediments in this group are almost entirely composed of sand and are highly similar within 
the sand classes. The percentage gravel content however varies between 5 and 25% (with one 
exception), but is almost always depleted in the coarse sand classes. In the mean against 
sorting co-plot these sediments are found in the finer and better sorted area of the plot (figure 
3.10) with some overlap with the first group. 
C. Fades (n=12 81 
The remaining sediments which belong to this group are composed almost entirely of fine sand 
and sift. Of the particle size curves available. only 2 met the criteria for the calculation of statistics 
Cie < 12% unanalysed), as the <4o percentage was not always measured due to the fineness of 
the material. Looking at these 2 curves and the truncated remains of 5 others shows that the 
material is typically at least 50%a silt with between 2 and 16% gravel. the remainder being fine 
sand and depleted in the coarse sand fraction. The 2 statistics available show one sediment 
overlapping with facies B (therefore wrongly described) whilst the other (more representative) 
typically much finer and only moderately sorted by comparison with facies B. 
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For the set of boreholes and trial pits in the Kerrow- Lynchat area 44 of the 66 strata 
described also had particle size tests carried out on the sediments recovered. To test 
independently the sediment grouping by strata description, a cluster analysis was also carried 
out on the 46 particle size distributions. The percentages retained on each sieve from -8o to 
+4e were treated as independent parameters measured on each sediment sample to form a row 
of values as in Klovan (1966). The percentage representing <+4o was not included to avoid 
'overdetermining' the matrix due to the closed number effect (Davis 1986). 
The cluster tree in figure 3.11 shows the similarity structure of the set of particle size 
distributions along with the initial groups formed by a subdivision of the tree into 7 significant 
groupings of 6-10 members. To test the the usefulness and stability of this grouping 'a multiple 
discriminant analysis (MDA) was carried out after adding the appropriate label 1-7 to the sediment 
parameter data. In making the adjustments to the group membership suggested by the MDA 
(which affected 19/46 particle size curves), it could be seen that the discrimination amongst 
particle size distributions is only average due to the tendency for the curves to form an 
incrementally varying spectrum rather than distinct groups. The percentage retained 
'parameters' entered into the MDA (in order) were +3m (fine sand), -6m (cobbles) and -3ß 
(medium gravel) accordingly identified as the variables accounting for the largest part of the 
variance in the matrix. This partition and ordering of the variance indicates which areas of the 
cumulative percentage graphs show the greatest average variability in percentage retained, 
indicating that the presence or absence of fine sand is the most important discriminator between 
the particle size distributions of sediments in this study section. 
Using this observation and by an examination of the MDA plot (figure 3.12) and the 
original particle size curves for the 7 facies suggests that as in the strata description data only 3 
main lithofacies are distinct. These groupings were used to sort and plot the particle size 
statistics (figure 3.14) and particle size curves (figure 3.13), showing almost identical patterns to 
the those produced by the strata description groups (cf. figure 3.9). Accordingly, the 3-fold 
sediment grouping established in the analysis of the sediments of the Kerrow- Lynchat area was 
taken as a satisfactory fades subdivision and plotted as a series of fades transects across the 
study area. 
Five fence diagrams were plotted from the spatial database (see figure 3.8) to show the 
spatial facies relationships for the Kerrow- Lynchat study section, 4 following the centreline of 
the A9 Trunk Road, one oriented down the lower valley slopes and onto the flood plain of the 
Spey at Lynchat and one at the site of the Alit Cealgach Bridge (see figure 3.2). 
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The first of the sections (figure 3.15) covers the area from the Spey Bridge to the ridge 
near Kerrow Farm. The first two points on this section- Spey Bridge and 'Bridge 13' over the old 
A9, are derived from geological cross sections from the next engineering site investigation 
contract immediately to the south of the Kerrow- Lynchat study section. At Spey Bridge the 
material both described in the cross section and logged in the exposure (see figure 3.39) above 
river level is very similar to fades C being a slightly gravelly sandy silt, whilst at the 'Bridge 13' site 
the only information available Is the depth of the micaceous schist bedrock. Along the section 
note that trial pit 8001 is located at the down valley NE edge of the large bench from Spey 
Bridge but shows the same type of material whilst off the bench there is a sudden change. 
Borehole 1 is located on the floor of a small stream course and reaches 213.4 OD in what may be 
an incision into rockhead on the valley margin as it Is found several metres below the proven 
bedrock at'Bridge 13' further out into the, valley centre. The sequence consists of fades A and 
B interbedded lying over 1.6m of facies C at depth, and probably represents the post glacial cut 
and fill in a watercourse on top of basal fine flood plain sediments related to those at the Spey 
Bridge. Note that the final trial pit in the section penetrates a ridge showing 9.5m of fades A 
(cobbley sand and gravel), consistent with a high discharge esker interpretation. 
The second section (figure 3.16) crosses an area of sidelong ground above the break of 
slope marking the edge of the flood plain (see figure 3.2). Trial pit 8003 is located in a water 
course and penetrates only 1.7m of facies A, whilst 8004 was dug on an adjacent mound and 
cut Into 4.3m of the same facies. This indicates how the same sediment can be encountered 
where the origins are probably different, in this case firstly modern stream course cut and fill, apdd 
secondly hummocky melt out topography. Further along the section the borehole 8006A and 
trial pits 2 and 8006 are all located in an embayment of the flood plain into the lower valley side 
slopes where a small fan has built up. The sediments here are complex as may be expected in a 
fan: in trial pit 2 the only sediment encountered is facies C the slightly gravelly sandy sift, whilst in 
trial pit 8006 0.9m of facies B and a thin layer of fades A overlie this. By the time borehole 
8006A Is reached the sequence has become 1.7m of facies B overlying fades A. This lateral 
change suggests that the 3 investigation points are showing a transgression 2= the mound 
adjacent which is composed of coarser sediments. The final point on this section is found in a 
hollow within a mound and is composed of the gravelly fine sand of facies B which may have 
accumulated as postglacial In- wash. 1I '' T 
Section 3 (see figure 3.17) traverses an area of the lower val; ey slopes well above the 
Spey flood plain and crosses an esker- like ridge trending down the slope and along the valley. 
The dominant constituent of this section is the cobbley sand and gravel of facips A which 
achieves a thickness of over 10m in borehole 3. At trial pit 8009, which is located right on the 
crest of the ridge, there is however a capping of the well sorted gravelly fine sand of facies B, 
which illustrates a fining up sequence which might be associated with the waning of discharge In 
the subglacial conduit. Trial pit 3001 also shows 0.3m of fades B, but this pit (as 8010) is located 
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in a depression on the margin of the ridge where the sediment may have accumulated as 
postglacial in- wash. 
Section 4 (see figure 3.18) crosses 2 more esker- like ridges trending down slope to the 
valley bottom. The first trial pit 8012 is located where a stream passes the very base of the ridge, 
and shows interbedded facies A and C associated with some cut and fill operation. The ridges in 
8013 and 8015 are composed entirely or mostly of fades A the cobbley sand and gravel, whilst 
the trial pit 8014 located down on the edge of the flood plain is composed of the gravelly fine 
sand of fades B, possibly resedimented from the slopes above. 
In figure 3.19 section 5 runs directly down slope along the line of one of the esker- like 
ridges and across part of the Spey flood plain. In the evidence of borehole 4 and trial pit 8013 
the ridge is composed solely of facies A until abruptly undercut at trial pit 8012 (Nb. trial pits 
8012/3 are projected onto the line of the section from the SW and NE respectively). 
Interestingly, although located well out onto the flood plain of the Spey, the trial pits of LD1/ 2 
still contain appreciable contents of facies A. until replaced laterally In LD3/ 4/ 5 by facies B. 
Since these trial pits are located in a line between 2 ridges and a mound out on the flood plain 
(marked D on figure 3.2) it can be suggested that the quantity of facies A observed may be a 
remnant of the ridge which formerly extended out onto the valley floor and which was removed 
by the lateral erosion of the Spey. 
The sediments in figure 3.20 are those seen in the trial pits dug for the re-bridging of the 
Alit Cealgach on the old A9, and display no surface topography. The base of the drift sampled in 
the holes does however dip in the centre of the transect revealing the only occurrence of the 
coarse facies A, which may represent a former buried channel of the stream. Elsewhere the 
gravelly fine sand of facies B dominates, while the silts of facies C overlie at higher levels, 
products of the flood plain sedimentation. 
With the limited information provided by the site investigation of this area several 
observations can be made on the spatial distribution of the facies identified. Fades A, a cobbley 
sand and gravel, is volumetrically the most common and is associated with the esker- like ridges. 
Fades B, a well sorted gravelly fine sand, Is found infilling hollows and on the margins of ridges, 
and also in one location capping a ridge. Fades C, a slightly gravelly sandy silt seems associated 
exclusively with the flood plain and the terrace fragment between the Spey Bridge exposure 
and trial pit 8001. It is difficult to determine whether any of these sediments are directly 
deposited from Ice as few have classic diamict characteristics: only facies B Is slightly gap graded 
but only with a maximum of 25% gravel clasts. 
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The sediment data for this second study section consists of 22 trial pits and 22 boreholes 
from the Highland Regional Council contract for the A9 Trunk Road. All sediment logging was 
carried out according to the Highland Regional Council description scheme (modified after 
CP2001 1957) and a sample of descriptions were checked against the particle size curves to 
calibrate the terminology used. Note that the sediments were sampled for 26 out of 98 strata 
described in the trial pits and a particle size distribution measured. Due to the sandy nature of 
the sediments however, no Atterberg limits were obtained. Borehole and trial pit heights were 
leveled in to OD and locations were marked on 1: 2500 plans from which the grid coordinates 
were taken. 
As stated above in section 4.3.1 the sediments in this area were not always sampled all 
the way to rockhead which is often found at depths approaching 20m. Therefore only 6 
boreholes and trial pits reached the schist bedrock in this area, although the evidence of surface 
outcrop and section exposure help establish depth in certain places. Across most of the area 
therefore, depth of drift has been used in an assessment of the minimum depth of rockhead. 
An assessment of rockhead location in the area of the Raitts Burn fan starts with the 3 
boreholes in the area which actually reach rockhead, viz. 4002 In sections 1 and 7 (figures 3.32 
and 3.38), 6 in section 7 and 8019 in section 2 (figure 3.33). Section 7 shows how the 
sediments thicken off the slopes above the end of the Raitts Burn gorge from 5.5m in borehole 
6 to 14m in borehole 4002, along a section parallel to the Burn. Since rockhead can be seen In 
the stream bed at c. 231 m just upstream from borehole 3003, and rockhead was encountered at 
only 211.5m in borehole 4002, the bedrock profile can be seen to descend over 20m in under 
200m horizontally, a very rapid rate of descent. A similar depth of drift can be seen to exist over 
the rest of the fan in section 1 where the depth of drift In boreholes 8017F and 8017G is greater 
than 1 Om. However, the fan is replaced to the NE by a small ridge which rises up to the start of 
the valley side bench at East Lodge. 
The remainder of the study area beyond the Raitts Burn fan is mostly composed of the 
valley side benches also seen between Newtonmore, and Kingussie. Here the bedrock Is 
mostly close to the surface, as can be seen by the outcropping of the schist. In section 2 (figure 
3.33) following the ridge up off the fan onto the bench, rockhead is seen in trial pit 8019 at 4.8m 
depth only 100m to the north of an exposure in East Lodge Quarry where rock extends almost 
to the top of the bench (see figures 3.42 and 3.43). Rockhead gradually rises along the section 
up onto the bench as is seen in trial pits 8020 and 8076 in section 3 (figure 3.34) and then falls 
away sharply, although here the trial pits track slightly down slope into a depression away from 
the edge of the bench. Rockhead is not encountered again in the boreholes and trial pits in 
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sections 4 and 5 (figures 3.35 and 3.36) although the drift is often over 1 Om deep as the line of 
the sections tends to follow a ridge feature (in places a string of hummocks) along the edge of 
the bench. However, on the valley side slopes above Croftcarnoch Farm rock outcrops (see 
landform map In figure 3.3) and even on the surface of the bench to the west of Meadowside 
House. 
Finally, the cross valley section shown in section 6 (figure 3.37) shows the depth of drift 
across the bench just alongside East Lodge Quarry. Here the minimum depth of drift appears to 
be very small up on the upper valley side slopes, and to thicken on the bench; it is then thin at 
the edge and down the steep front slope to the flood plain. Note though that this is clearly the 
site of a bedrock knob of limited extent (perhaps 200m long): it is open to consideration that the 
location of this knob at the start of a long narrow bench along the valley side may have been an 
influence on the formation of this whole feature. 
To classify the sediments described in the boreholes and trial pits a standard procedure 
was carried out to store, code and cluster the descriptions as described above in section 4.3.2. 
The resultant cluster tree for these sediments (shown in figure 3.21) was subdivided into 
significant groups of 6- 10 strata discrete at coefficients of difference between 2.0 and 4.5 
without any knowledge of the sediment descriptions. Once this subdivision was established the 
particle size constituents and other characteristics of the 12 primary groups were identified, and 
some of the groups manually merged around several basic particle size groupings. These 7 
secondary groups were numbered Al, A2,131, B2, C, D, E reflecting this scheme, with the Al, 
A2 and B1/B2 classes being subdivided according to differences in colour and Glast shape. 
To test the the usefulness and stability of this grouping a multiple discriminant analysis 
(MDA) was carried out after adding the appropriate label 1-7 to the sediment parameter rows In 
the coded matrix. The resulting 2 component MDA plot (figure 3.22) shows the similarity of the 
groups as measured along the axes of maximum group discrimination, and, In the analysis of 
group membership labels shows the individual strata which have been misclassified. After 
making the adjustments to the group membership suggested by the MDA (affecting 19/98 
strata), the 7 groups were closely compared. An examination of the particle size curves and the 
non- particle size parameter data for the 7 groups suggests that only 4 main lithofacies are 
distinct. In the MDA the parameters entered to define the discriminant functions were (in order 
of entry) gravel, sand, density, colour hue, silt, grey shade, clast shape and cobbles, showing 
the importance of the non particle size characteristics. 
This final sediment grouping was then used to sort the borehole strata descriptions in 
figure 3.23, particle size curves in figure 3.24 and the particle size statistics in figure 3.24, giving 
a distinct and stable division of the sediments. Note that since only 2 strata fall into the facies 
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formed from group' 7 and no particle size distributions were measured, this facies cannot be 
plotted on these graphs. 
3.4.4.3 The characteristics of the borehole strata fades, 
The 4 main facies formed after an examination of the MDA plot, particle size curves and 
non- particle size parameter data represent the main lithologically distinct sediment types found 
in the investigation of this study area. The characteristics of each group are briefly described 
below: 
1. Facies (Urpups ]Z 
In particle size terms this group is composed mostly of sand and gravel, with mud fractions (<4o) 
mostly under 5% and most sediments with cobbles (>-6o) accounting for 10-30%. Most of the 
sediments sampled are evenly graded from -7o to +4 with only 8 or 9 being more coarsely 
graded in the gravels. In the mean against sorting co-plot these sediments are found in the 
coarser and most poorly sorted area of the plot (figure 3.25). 
2. Fades (group 2) 
The sediments in this group are almost entirely composed of sand and have a similar gap grading 
in the coarse and medium sand classes, while the percentage gravel content mostly varies 
between 20 and 40% (with 2 exceptions). In the mean against sorting co-plot these sediments 
are found in the finer and better sorted area of the plot (figure 3.24) with some overlap with the 
first group. 
3. Fades (groups 3.4) 
The sediments which belong to this group are composed almost entirely of fine and medium 
sand. Some fine gravel and coarse sand is also present up to 10% with one exception at 28%. 
In the mean against sorting co-plot this fades is the best sorted and finest of all the sediments for 
which there are samples. 
4. Fades (group 
The 2 strata belonging to this group are described as being composed of (clayey) silt and were 
not sampled for particle size distributions. They do appear to be distinct from all the other facies, 
finer and better sorted still than fades 3. 
3.4.4.4 Sediment grouping using the particle size distributions 
For the set of borehoies and trial pits in the Raitts Bum to Meadowside Quarry area only 26 
out of 98 strata descriptions also had particle size tests carried out on the sediments recovered. 
To test independently the sediment grouping by strata description, a cluster analysis was also 
carried out on the 34 particle size distributions, using the same technique as in section 3.4.3.3 
above. 
However, although a cluster tree for the data was computed using both the single linkage 
(figure 3.26) and average linkage (figure 3.27) joining strategies, the sediment groupings 
produced were not meaningful. In carrying out a MDA (figure 3.28), it could be seen that the 
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discrimination amongst particle size distributions was poor due to the tendency for the curves to 
form a gradually varying sequence with no distinct groups forming on particle size grounds 
alone. The 5 main groups when plotted as sets of particle size curves using the single linkage 
method (figure 3.29) are poorly ordered, and the mean- sorting co-plots for the single (figure 
3.30) and average linkage (figure 3.31) show no useful groupings. This underlines how non- 
particle size characteristics can frequently assist in establishing sediment facies groupings. , 
Using the procedure described above in section 3.4.3.5 seven fence diagrams were 
plotted from the spatial database (figure 3.23) to show the spatial facies relationships for the 
Raitts Burn to Lynchat area, 5 following the centreline of the A9 Trunk Road and 2 oriented 
across the road down the lower valley slopes toward the flood plain. 
The first section in figure 3.32 is a lateral cross section across the Raitts Burn fan, showing 
the considerable depth of drift in the area, up to 14m in borehole 4002 where bedrock is 
reached. The whole of the depth of drift at borehole 4002 is composed of the cobbley sand and 
gravel of facies 1, whilst at borehole 8017F facies 1 overlies the fine/ medium sand of facies 2. 
Only facies 1 is recorded in the shallow trial pit of 8017E, but facies 3 now overlies facies 1 in the 
final borehole in the section 8017G in the small ridge. This pattern can perhaps be explained by 
considering the fades 1 of the first 3 points along the section as fan materials and the fades 3 as 
perhaps related to the ridge onto which the section crosses. This may indicate that the ridge 
was buried by the fan postglacially (8017E not being deep enough to encounter any facies 3? ), 
and that the fan did not bury the ridge at borehole 8017G. The basal facies 1 at borehole 8017G 
maybe of a different origin or the same fan materials of a different age. 
Section 2 (figure 3.33) traverses the end of the ridge, crosses a small fan and rises to the 
beginning of the valley side bench, where bedrock is encountered in trial pit 8019. The first 2 
trial pits in the section 8018 and 8018B are composed of interbedded facies I and the fine/ 
medium sand of facies 3: the well sorted facies 3 may be evidence of subglacial channel 
sedimentation. Facies 2 is encountered in 8018A at the base of the valley side slopes and again 
in 8019 over bedrock on the side of the small hill, whilst facies 3 is found In 8074 and facies 1 In 
8075 in a channel running parallel to the edge of the bench. Since 8074 is located on the inner 
side of the crest running along the bench edge the facies 3 may relate to a prolongation of 
subglacial channel sedimentation: it is certainly difficult otherwise to explain the well sorted 
sediments in such a location. 
Proceeding to section 3 (figure 3.34) which runs along the edge of the bench the 
sediment patterns are more complex . Here facies 2 is found on the inner flanks of 
the ridge at 
the edge of the bench in trial pits 8019,8020,8021 and 8021A. Facies 1 is however found in 
8020A and 8076 nearer the top of a low hill where bedrock is found close to the surface. 
Perhaps here the fades I sediments which are lithologically similar to fan materials are more akin 
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to a diamict as is seen in the East Lodge Quarry sections 150m away which also closely overlie 
bedrock (figures 3.42 and 3.43). Note in particular that very little clay is present in the sediments 
in Strathspey making the determination of tills without exposure of the sediment structure very 
difficult. 
In section 4 (figure 3.35) facies 2 dominates along 800m of the bench edge with the 
exception of borehole 4001, again located close to the top of a bedrock knob. Here the 
continuity of the distribution of gravel and fine/ medium sand of facies 2 is significant, as it 
appears to cover the bench for the whole 800m both in the trial pits and where it can be seen in 
the cutting of the new A9. The material of facies 2 is almost all sand and gravel with only 10% or 
less sift, but is slightly gap graded in the coarse/ medium sand which may suggest that for the 
most part fades 2 is not a fluvial product, but a sandy till derived from the underlying schist. This 
would certainly seem to be the origin of similar sediments from the sections in the Meadowside 
Quarry (figure 3.47). 
Section 5 (figure 3.36) crosses the major gully at Coilintuie below Meadowside House and 
runs along the edge of the bench. The sediments seen in the channel are predominantly the 
cobbley sand and gravel of facies 1, although a little of facies 2 and the silts of facies 4 also 
appear. Up on the bench beyond the gully in 8028,8029 and 8030 the well sorted fine medium 
sand of facies 3 (between 3 and 7m thick) is Interbedded with facies 1, perhaps therefore part of 
further channel flow along the bench edge. 
Section 6 (figure 3.37) shows a cross section down the valley side slope across the low hill 
with rock near the surface by East Lodge, and illustrates the wider distribution of fades 1. This 
section may suggest that facies 1 is related to ice marginal sedimentation above the zone of 
drainage seen near the bench edge, and may be the remains of a lateral moraine complex. At 
the base of the bench on the flood plain there is a 7.1 m fining up sequence over bedrock from 
facies 1 to 3 with facies 4 at the top probably representing the modern flood plain environment. 
Perhaps the coarser basal facies I sediments indicate that the Spey once ran close to the 
bench, which may explain how the bench became oversteepened on the outer flood plain side 
(there are many small landslips in this area), and may suggest that the bench was once more 
extensive. The final section 7 (figure 3.3.8) shows a down slope thickening of facies 1 at the 
Raitts Bum fan as the rockhead profile dips more steeply than the surface. 
Finally it should be noted that the flood plain sediments seen in section 6 in borehole 
6002 are broadly similar to 3 other boreholes along the base of the bench 6001,6002 and 6004 
opposite points 80186,8022 and 8029 respectively. In all the other 3 boreholes a thin stratum 
of facies 1 is present at the top of the sequence overlying facies 3 (or facies 2 once) at depth. It 
is likely that here there has been some stream activity over what is a very boggy area throughout, 
or that the sediments eroded from the bench slopes adjacent in all cases has been remobilised 
along the slope foot. 
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Several significant exposures were noted in the study area where cuts had been made for 
a variety of reasons, and the sediments were logged and photographed. The materials were 
described in engineering terminology to allow direct comparison with the borehole and trial pits. 
However, the sedimentological terms from Eyles, Eyles and Miall (1983) were added to describe 
in shorthand the main structural components of the sediment. 
The first and largest of the exposures is at the New Spey Bridge where the new A9 
crosses the river (see figure 3.39). Here a combination of road construction and erosion by the 
Spey has exposed an inclined face over 13m in length, with good exposure of the upper 
vertically equivalent 5.2m. Working from the top the first few strata are dominated by rounded to 
subrounded gravel with little discernible structure, with the exception of a thin sand bed forming 
a channel. This part of the sequence cuts through the mound which appears to sit on the 
terrace: the mostly massive Gm facles (plate 3.5) may therefore be related to the melt out of an 
ice block, or may be part of a ice marginal fan if it is accepted that this whole terrace was formed in 
an ice supported position. 
Below 4. Om the sequence becomes dominated by a repeating cycle of 2 similar materials, 
a grey sandy silt and a yellow brown silty fine medium sand, each strata with a basal ironstaining 
(plate 3.6). Also notable is the bed from 4.3m to 4.56m (vertical height) where the silt becomes 
clayey and has formed flame structures Into the overlying sands, which may Indicate the sudden 
switching of channel flow into an area of sift accumulation. The base of the section is obscured 
by talus and gabions placed to reduce erosion at the base, but extensive digging failed to reveal 
any other gravels. Where the silt is thinly bedded, the sands are deposited in coarsening up 
sequences and include channel fills all indicating rapidly changing flow patterns typical of a 
fluvioglacial environment. 
Another small section at the Kingussie Scrap Yard (figure 3.40) exposes the base of the 
terrace a few hundred metres north from the Spey Bridge, being only 2.1m high. This vertical 
exposure has however been slightly weathered and eroded by the wind which picks out the fine 
structure of the sand units which are seen. The materials are all fine sands, cross bedding and 
wavy bedding alternating in 5cm bands except for 20cm at the base which is composed of 
interbedded fine sand and silt. As in the main section the beds are often Ironstained at the base 
suggesting some interruptions in the sedimentation. The sequence of sharply distinct cyclic 
sedimentation in this terrace feature resembles the "Platte" type braided fluvioglacial channel 
sequence of Miall (1983a). 
Further along the line of the new road at the end of a track from Kerrow Cottages on the 
old A9 is a small sand and gravel pit, where a section 5. Om high is exposed (figure 3.41). The 
section is cut across the centre of a small mound on the edge of the channel separating the 
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large terrace discussed above from a smaller similar terrace which abuts the lower valley side 
slopes (see figures 3.2 and 3.4). The main units are composed of coarser materials than those 
in the terrace: the upper unit is a massive trough bedded sandy gravel and cobbles, but it Is 
underlain by a thin clayey sandy gravel which appears to drape over the lower units. The lower 
units include sandy gravel and cobbles lying over sand and cobbley gravel interbedded with 
some sands. This section would seem to show 2 main stages of development: the lower units 
seem to have been deposited in a fluvial or fluvioglacial environment In a long since vanished 
topographic framework, while the upper units seem to have formed in a channel excavated in 
the lower sediments. 
Unfortunately, there are no further exposures in the Kerrow to Lynchat area and none in 
the Raitts Burn to Lynchat area until the East Lodge Quarry. The rock extends through most of 
the vertical height of the quarry leaving only a small exposure at the top (section 1, figure 3.42). 
These sediments are capped by a thin layer of slope deposits and are composed of 2 different 
diamicts. The upper Dcm diamict is the thinner and passes down across a diffuse boundary into 
the Dms of the lower material which is a crudely stratified silty gravelly fine sand. 
The other section examined here (section 2, figure 3.43) shows more of the material 
forming the lower diamict of the upper section, although little stratification can be seen (plate 
3.7). This exposure was obtained by digging through the slope deposits Into the diamict 
alongside the edge of the quarry on the NE side: however, the base of this material could not be 
reached although the rock face was less than 1m below. This material is a sandy clayey silt and 
cobbley gravel (Dcm/Dmm) and may be similar to facies 1. A clast fabric was measured and the 
results are shown as a polar plot (figure 3.44) and in table 3.1 below: 
A B C D E F G 
MEAN ATTITUDE STD DEV'N ABOUT -X 
2 SITE/Lithofacies S1 S3 FISHER ME FISHER OCHE 
3 KAELQDCMM 0.5931 0.1181 11 /033 14/034 43.93 44 
4 KAMODMS 0.811 0.0352 13/207 27/206 28.65 31.5 
The table shows the mean attitude (this site Is 'KAELQDCMM') of the clasts, standard deviation 
about the mean for 2 techniques, and the eigenvectors S1 and S3 for the clast orientations. 
The mean orientation is 033 or 034 which is along the valley axis, but with a wide standard 
deviation; the plot of eigenvectors Si! S3 suggests that the sediment is a supraglacial melt out 
till (ice slope colluvium or glacigenic sediment flow) using the Dowdeswell and Sharp (1987) 
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Further along the bench below trial pit 8022 an old landslip provides another exposure of 
the sediments in the bench. Immediately below the edge of the bench an upper section was 
logged (section 1, figure 3.45), while at the base a sand pit had excavated another section 2.1m 
high (section 2, figure 3.46). The upper section 1 contained only 2 distinct strata, the upper 
sediment a diamict or massive gravel Dcm or gravel Gm "silty sand and cobbley gravel", and the 
lower a diamict Dcm. Both beds had clasts draped and coated by soft clay along with occasional 
silty clay stringers. The Dcm/Gm sediment may be similar to the facies 2 seen in the boreholes 
along this section, and resembles a sandy till also containing clasts of non-local lithology eg 
granite. 
The lower section 2 (figure 3.46) is very complex being composed of several different 
kinds of sediment, essentially sandy diamict overlying well sorted bedded and folded sands 
(plate 3.8). At the base is about 1m of silty sand arranged as a small anticline, but with the fine 
bedding undisturbed, overlain by interbedded stratified silty sands and silty sand and slightly 
cobbley gravel. In the upper part of the section is a diamict varying between Dcm and Dmm run 
through with stratified gravelly silts and sands with round inclusions of darker diamict with a finer 
matrix. The sediments at this site strongly suggest an ice marginal environment with fluvioglacial 
sedimentation initially followed by the dropping in of possibly frozen diamict and sand pseudo 
clasts. 
The best sections anywhere in the study area are found in the Meadowside Quarry, which 
is unfortunately of limited access due to active quarrying. However a large section was sketched 
(figure 3.47) and a clast fabric obtained (figure 3.48). The sediments across a wide exposure are 
a largely uniform diamict Dms described as silty sand and cobbley gravel: the glacial origin can 
most clearly been seen in the 'rafting' of large clasts away from the bedrock and the rip-up 
features close to rockhead (plate 3.9). The crude stratification is seen in en echelon clasts and 
in fine stringers of sand subparallel to the surface (plate 3.10); detailed clast fabric work shows a 

















table above). These characteristics suggest using the Dowdeswell and Sharp (1987) 
classification (figure 3.49 above) that the sediment is a basal melt-out till in origin, showing that 
some at least of the rolling landscape along the edge of the bench is of glacial rather than 
fluvioglacial origin. It may therefore be suggested that this material be equated with facies 2 In 
the site Investigation borehole sediments. 
3.5 LANDFORM SEDIMENT RELATIONSHIPS IN THE STUDY 
AREA 
Due to the excellent preservation of the landforms in this study area and the considerable 
amount of site investigation data available for the sediments, the landform-sediment 
relationships can be investigated here in some detail. The study of this area demonstrates firstly 
that the role of regional deglaciation events can have a significant effect on the landforms and 
sediments, and secondly that in valleys which are outlet corridors for large discharges of 
meltwater, the sediments of a glacial origin may only have a high potential to survive unaltered 
above the flood plain. 
The effects of the regional deglaclation in Upper Strathspey were documented at a valley 
wide scale by Young (1978) who made a morphogenetic map of the features Identified as 
meltwater channels, eskers, fans and terraces present, showing how several lines of drainage 
sub-parallel to the valley gradually descended to the valley floor. These features were explained 
as superimposed regional drainage down the profile of a wasting Ice sheet to the NE. ' The 
effects of this series of events are amongst the most significant factors controlling landform- 
sediment relationships in this area due to the widespread Influence of the processes involved, 
acting at. a time during the glacial cycle when the sediments deposited might be preserved In a 
state close to the original form. 
Thus, the ridges which run down the lower valley-side slopes in the Kerrow-Lynchat study 
section dominate several areas, creating 'a distinct topographic framework in zone 3 around 
Lynchat (figure 3.4). The ridges appear to be eskers by virtue of their distinctive morphology, 
but can also be seen to be largely made up of of the coarse well sorted facies A, and even 
capped in places by the gap graded facies B perhaps'! ndicating the melt out of the englacial 
sediments over the esker conduit. Note however, that whereas the large eskers linked to the 
regional diversions of drainage near Lynchat are mainly composed of sands and gravels (figures 
3.18 and 3.19), the smaller esker oriented along the valley to the NE of the Raitts Burn fan In 
figure 3.32 and 3.33 is composed of finer sands In the main. Perhaps the smaller feature is the 
remains of a subglacial drainage network, preserved by the downwasting ice, whilst the larger 
features were partly ice walled during deglaciation altering the hydraulic relationships between 
discharge and load. Note that no evidence could be found for Young's (1978) statement 
(mentioned above at the start of section 3.4.2) that the eskers rest on the "general drift cover", 
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possessing a characteristic composition throughout, although the holes do not reach bedrock in 
all cases. 
Other landform features in this study area which appear to be related to the regional 4" 
pattern of deglaciation are the many small fans along the edge of the flood plain. Whilst many of 
these fans have probably been extended during the postglacial period, most of the channels 
leading into them are underfit and/or lead back into the wider drainage linked to the regional 
pattern. The Raitts Burn fan is one of the largest and appears to be at least 14m thick in one 
place, covering 5-600m2, and like most of the others Is composed of an interbedded series of 
sediments dominated by the coarse facies 1. 
Another distinct type of landform is the isolated terrace fragment seen at Spey Bridge, 
near Lynchat and under the MacPherson obelisk (all marked on figure 3.4). These landforms are 
similar in form having flat tops at about 230m OD, channelised surfaces with sharp edges and 
steep sides at 28-35°. They are all found on the edge of the valley side sediments (nearest the 
valley centre and fringing the flood plain), and appear to be composed largely of silts and sands. 
The sections in the large at Spey Bridge suggest that they were deposited In a high discharge 
high sediment load distal environment (fluvioglacial Platte type, Miall 1983a). They may, not 
necessarily have covered the whole valley floor, but may have been deposited on and between 
decaying ice masses whilst the main sediment load source was some way distant.,, Note the 
perfect preservation of a mound (now a local monument) with a constructional form Immediately 
to the NE of the Spey Bridge bench (figure 3.4): this cannot have formed before the bench as it 
would have been eroded. It must therefore have formed contemporaneously In the presence of 
ice and perhaps is a kame formed at the bottom of a moulin. ._ 
Note that these terrace fragments are the only landforms to have survived on the valley 
floor, and are probably much reduced in size due to postglacial erosion demonstrating the 
importance of fluvial activity in this environment to the potential for preservation, of the 
PreSCrV&Hor 
sediments. Clearly the^potential of landforms is a vital factor In characterising landform- 
sediment relationships: if there is evidence that the landforms are substantially unaltered by 
postglacial processes, there is a higher probability that the landforms reflect the genetic glacial 
processes which deposited the sediments. The example of the terrace and the kame above 
also illustrates the importance of the sequence of events In landform formation. 
The final significant topic to discuss in the landform-sediment relationships of this area is 
the origin of the valley side bench between East Lodge Quarry and Meadowside Quarry. This 
feature is clearly less extensive now than before the Spey began to erode laterally, but since 
rock is close to the surface along most of the benchmssu5r-eprrbi1rb to erosion has probably been 
small. The sediments found across the bench tend to vary rapidly: in some places subglacial 
channels may have led to the formation of discontinuous eskers as in figure 3.32/3.33 whilst 
elsewhere Nye channeaA tot 
e 
bench (W of East Lodge Quarry in figure 3.3). 
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Elsewhere near the edge of the bench the sediments are often fades 1 especially near rock 
knobs, while in large areas along the bench and higher on the valley side (eg Meadowside 
Quarry) facies 2 gap graded sand and gravels (perhaps basal melt out tills) are well developed 
and undisturbed. This varied regime Is also reflected in the sediments seen in a section In the 
side of the bench at S. of Coilintuie (figure 3.46) which shows evidence of the dumping of till 
into the fluvioglacial channels. The outcrop of schist bedrock near East Lodge Quarry is also 
associated with some of the coarser facies 1 sediments which in this location appear similar to 
rubbly supraglacial tills. 
On the basis of these observations it would seem clear that the bench supported a range 
of ice marginal environments, and that the benches approximate kame terraces. The bench 
perhaps acted as a kame terrace only at the very end of the deglacial period when the ice had 
thinned to 100m thick or less, and large quantities of water was flowing along the valley margins 
as part of the regional drainage. At this time the existing tills of regional ice origin would have 
been removed along the drainage lines and some new diamicts formed by chaotic ice marginal 
sedimentation. 
A problem in the process of sediment discrimination Is also Illustrated in this case study in 
the varying location observed for facies 1. This material Is found variously In esker ridges, fans 
and over bedrock rises and clearly has a number of origins. The discrimination procedure here 
has'not subdivided the described strata enough to separate these sediments. The key to the 
discrimination of these sediments on purely particle size grounds'may lie In the presence of gap 
grading: however, in an area with little natural clay and a bedrock with a high potential to break 
down (due to cleavage) leaving a narrow range of sizes, the variation In sediment characteristics 
is often very subtle. Here engineers must closely inspect the materials In trial pits or natural 
exposures. 
Thus, the constructional aspects of the landform-sediment relationships in this area are 
strongly related to the regional drainage associated with ice wastage in Strathspey. However, 
the landform associations such as the kame terrace, the valley floor terrace and the esker ridges 
have also been extensively eroded by the destructive Influences of the Spey and Ice marginal 
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FIGURE 3.6 KERROW-LYNCHAT STUDY SECTION: CLUSTER TREE OF THE RELATIVE SIMILARITIES OF THE BOREHOLE 
SEDIMENT DESCRIPTIONS 
A BCD EF GH 
12 12312 121 21212 3 
n r- in rý n rt i r--l r--lm 
c2 a2 c2 hl c2c2c2 













71III7I2III7II3II11I ItI1 11IIII1IIIII 7III II III1II7I-. - I 
0.000 I7SSI1I IIIIIIII7IIIIIIII1I I7II I -r- 11II: 17171 1III f7 II1IIII1I1 I1 
0 0. O0 IIIIIII II11IIIIIIIII7IISII1 III1 --. - IIIIIIIII IIII II IIIIIIII1 
0.000 11111II I1I1I111II1II31II1I 1I1I III71III7I -r- 1I II 17 IIII17I I1 
0.000 1IIIII IiIIIII37 I[ IIIII1I -r -III 11111: 11II1 I111I 11 111II1I11I 
1 
0.000 IIIIIII IIII7IIIIIIIIII -r- III III IIIII:: IIIII IIIII1IIII1I11111 
11 
0.892 71SII7- r- IIIIIIIII1IIIIIIII III II11111II1 111fIIIII1f1IfIII 11 
1.789 IIIIII IIIIIIIIII1IIIfIIII III 1 IIIII -r- III IIIIIIIII1II111I 
11 
1.418 IIIIII IIII1I7IIIIIII7I7iI I I- --. - 1Ii1IIII 11III 11 IIIII1I3I1 11 
1.484 IIIIII IIIII7IIIIIIIIII 11 I II I1III --. - III IIIIfIIIII11117I1 
1.503 111171 I 11 IIIIIIII1IIIIIIi 11 I117 1---r- 11 1 1 11 II1t1IIIIIII 
1.505 111111 1IIII7IIIIIIII11I --. - S1 1 11 7IIII 1IfIIIII1II1I1III 
I 
1.579 I1IIII 1IIIIIIIIII1I1I1II 11 1III ----"- 11 I IIIIIIII11III11I1 I 
11 
1.609 777171 71III1IIIII1IIIIII II I 11------- tII tI 11 11 IIII1I1II I I 
1.624 III1II ItIIIItIIIII111I1I II IIIIII I 17 f- IIIiI11III71 11 
1.650 111II1 -. -- ti1II1IIIII1111I II I71-1II t 11 11IIII1III7II 
I 
1.663 11711I 1111111II11IIIII1 1I 1111II I11111III111 -r- I1 11 
1.715 111111 11II11I1II1II1III 1I II7-. - I IIII1IIIII1IIiI 11 
1.809 IIIIII IIII1IIIIIIIIIIIf If IIII- --1IIII1II11ItI7 37 
1.811 I11I11 III1I -r- 1IIIIIIII1 II I7II IIII1 1[ 111111I1 
II 
1.852 1I1III III11111111I1I ---r- If III1 IIII1IIII1IIIII I 
1.90 3 111111 111III1111111II II III1 I1 I- r-- II111I111I II 
1.922 711111 -r--- IIII1IIIIIIII II IIII I 11 I 11 IIIIIIII f7 
1.940 -- I1II I3I1IIIIIIIII1 II 111I 11I111t11I171I 1 
2.019 111II 11I1IIIIIIIIII I1 ----- 1I IIIIII1IIIII11 11 
2.040 I1III I 1II --. - I11II111 II III IIIItIII71I1II II 
2.130 I11 -r- fIIIII7IIIIII II III III1IIII3I1117 11 
2.254 1III IIII7I11IIIII II -r----- I " IIIiIfI1l11II1 I 
2.276 I 11 I IIIIIII11IIII II ------r----- I I1IIIIIIII1III 11 
2.330 I I--9- 1IIIIIIII1II1 II II IIII1fIII1IiII II 
2.344 III IIIIIIIIIIIII II --r------------ IIIIIIIIIIIIII II 
2.432 III IIII11 7-- IIII 11 1 7IIIIIIIIIIIII II 
2.61, I1I III1IIIIIIII II I 1II1 11 1IIIIIII -r- 
2.704 111 1I --- 6IIIIIIII II I IIIIIIIII7IIII 
2.714 1II IIIIIIIIII7 II I I -r- IIIIIII1III 1 
2.752 111 I1I1IIIIIII II I -- --- IIII1IIIIII I 
. 04 III IIIIII1-. - II II I IfIIIIISIIII 
2.918 I ---r- III 17 II1II 
II 7 II[713122II 
2.931 17 II2IIII1II II ---------------- ---- I 12 1171IIII 
2.944 11 1113IIIIII 11 I II I-- 3II1tI 1 
2.977 II I1IIIIIIII 1I I ---- III1I7 I 
2.994 11 II1IIIII11 I7 I III -- IIII I 
3.050 1I IIIIIII1II II IIIIII -- - 1 
3.160 ----r-- 1II1III11I 
II I IIIIiI 
3225 
. ----r--- ---I 
IIIIIII7 1I t IIIIIII I 
. 
]56 3 I I1III --r-- II 1I t I 11 IIII f 
3.672 1 ----r- II7III 
13 1IIIIII 
3.701 I II I----r- 1I II I 1 11 1III I 
3.783 --- ------------ IIIII 
II I III311I 1 
3.898 III --. ----- I II f III7III 1 
4.033 1IIt1 11 t 1II I--r- I I 
4.012 1IIII I7 I -. ---- II1I I 
4.045 1IIfI II --r----- II1 I 
x. 057 II3 ----ý------- II I 
11II 
x. 059 IIII 1I I --r------- I7 I 
064 IIII 1I _________ r_ _________________ 
I7 1 
4.249 
4.336 II __________-r_ I 
I 1I I 
4.389 
4.468 _r _______________ I 
I II I 
II I 
4.758 --------------------------- ---r--- ------------------------- 
II 
4.939 ___r ___ _____________________________ I I 













FIGURE 3.7 KERROW-LYNCHAT STUDY SECTION: CANONICAL VARIABLE PLOT FOR THE 
MULTIPLE DISCRIMINANT ANALYSIS OF CLUSTERED SEDIMENT DESCRIPTIONS 
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Plate 3.2 View across the valley floor terrace towards 
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Figure 3.9 Kerrow-Lynchat study section: particle size curves for the borehole 
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Figure 3.10 Kerrow-Lynchat study section: Mean particle size against sorting for 
the description clustered facies 
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Figure 3.14 Kerrow-Lynchat study section: Mean particle size against sorting for 
the particle size clustered facies 
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Figure 3.11 Kerrow-Lynchat study section: cluster tree of the relative similarities of the borehole sediment 
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particle size distributions 
A B cDE F G 
H 
1 212 44 23421 24233144233142231 1 1 3 12 31 3 3 
1 8 9737 246 88560 031312044968650415775 6 3 4 12 23 99 2 5 
1.381 I I IIII IZI IIIII IIIIIIII -+- IIIIIIIIIII I I I II II II I I 
1.413 1 I IIII III IIII- +- IIIIIIIIIIIIIIIIIII I I I II II II I I 
1.672 I I IIII I IIII I -+- IIIIIIIIIIIIIIIII I I I II II II I I 
1.782 I I IIII I IIII III I-+- IIIIIIIIIIIII I I I II II II I I 
1.812 I I IIII I I_ IIII IIII -+-- IIIIIIIIIIII I I I II II II I I 
1.932 I I IIII I IIII --+-- IIIIIIIIIIIIIII I I I II II II I I 
2.087 I I IIII I I I-+- IIIIIIIIIIIIIIII I I I II II II I I 
2.143 I I I-+- I I III IIIIIIIIIIIIIIII I I I II II II I I 
2.147 I I III I: III III --+--- IIIIIIIIIII I I I II II II I I 
2.163 1 I III I_ -+- I IIIIIIIIIIIIIII I I I II II II I I 
2.164 I I III I II II -----+- IIIIIIIIIII I I I II II II I I 
2.268 I I III I_ +-- IIIIIIIIIIIIII I I I II II II I I 
2.279 I I III I I IIIIIIIIIIIIII I I I -+- II II I I 
2.301 I I III I:. I I ------+- ZIIIIIIIIII I I I I II II I I 
2.304 I I III I:: I -------+---- ZIIIIIIIIII I I I I II II I I 
2.336 I I I -+-- I: _ I IIIIIIIIIIII I I I I II II I I 
2.342 I I II I --- -- +- IIIIIIIIIIII I I I I II II I I 
2.343 I I II I: I I +- IIIIIIIII I I I I II II I I 
2.407 I I II I I I +-- IIIIIIII I I I I II II I I 
2.476 I I II II I I -+--- IIIIIII I I I I II II I I 
2.498 I I II I ---- -+- IIIIIIIII I I I I II II I I 
2.515 I I II I I II -+- IIIII I I I I II II I I 
2.523 I I II I -----------+------ IIIIIII I I I I II II I I 
2.531 I I II I ----+----------------- IIIIII S I I I II II I I 
2.581 I I II I --+--------------------- IIIII I I I I II II I I 
2.582 I I ---+- I IIIIII I I I I II II I I 
2.584 I I I I -+----------------------- IIII I I I I II II I I 
2.740 I I I I -+------------------------ III I I I I II II I I 
2.748 I I I I IIII I I I -+-- I II I I 
2.772 I I I I -+------------------------- II I I I I I II I 
2.842 I I I I -+-------------------------- I I I I I I II I I 
2.886 I I I I -+--------------------------- I I I I I II I 
2.904 I I I I I I I ---a- I II I I 
2.957 I I I I I I I I I -+- I 
2.966 I -- --+- I I I I I I I I I 
3.009 I I I -+--------------------------- - I I I I I I 
3.078 I I I -+-------------------------- -- - I I I I I 
3.080 I I I ----+---------------------- ------ -- I I I I 
3.114 I I ------ ----------------------------+- I I I I 
3.131 -- -- -+- I I I I I 
3.150 -----------------------------------+------ I I I I 
3.151 -+---------------------------- ------ ---- --- I I I 
3.277 --+-------------------------- ------ ---- ------ I 
3.446 -+----------------------------------- --------- 
3.875 -+------------------------ ---------- ---------- - 
Figure 3.12 Kerrow-Lynchat study section: canonical variable plot for multiple discriminant 
analysis of the clustered sediment particle size distributions 1 29 
OVERLAP OF DIFFERENT GROUPS IS INDICATED BY " CANONICAL VARIABLE I 
...... ..... .... .... .... .... .... .... ......... ............. "................... ......... ......... .......... 
-The 
8 crude lithofacles derived from the cluster analysis are plotted here denoted A-H for 
each unique position, with the centroids shown as 1-8. The light lines show the original 
-groupings, whilst the thick 
lines show the new groups formed after making changes suggested 
- 
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Plate 3.3 View to the north across a large hollow resembling a kettle hole, 
beyong which is an esker ridge descending to Lynchat 
Figure 3.13 Kerrow-Lynchat study section: particle size curves for the borehole 
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Figure 3.22 Kerrow-Lynchat study section: canonical variable plot for themultiple discriminant analysis of clustered sediment 
descriptions 
CANONICAL VAAIASLC 1 
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" 
The 7 crude lithofacies derived from the cluster analysis are plotted here denoted A-G for 
- each unique position, with the centroids shown as 1-7. The light lines show the original - 
- groupings. The 3 main llthofacies selected fall into the zones shown _ 
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Figure 3.24 Raitts Burn to Meadowside Quarry study section: particle size 
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Figure 3.25 Raitts Burn-Meadowside Quarry study section: Mean particle size 
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Figure 3.26 Ratts Burn to Meadowside Quarry study section: cluster tree (single link) 





1.931 IIIIIIIII I-+- IIIIIIIIIIIIIII: IIIIII 
1.966 11111111- +-IIIIIIIIIIIIIIIIIIIIIII 
2.031 IIIIIIIIIIIIIIIIIIIIII I-+- IIIIIII 
2.039 IIIIIIII --+-- IIIIIIIIIIIIIIIIIIIII 
2.304 -+- IIIIIIIIIIIIIIIIIIIIIIIIIIII 
2.325 III I-+- IIIIIIIIIIIIIIIIIIIIII 
2.4 08IIIIII -+---- IIIIIIIIIIIIIIIIIII 
2.420 IIIIII -+----- IIIIIIIIIIIIIIIIII 
2.458 -+-- IIIIIIIIIIIIIIIIIIIIIII 
2.492 I I--+- IIIIIIIIIIIIIIIIIIII 
2.499 II -+--- IIIIIIIIIIIIIIIIIII 
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2.520 11II 11111111- '- I: IIIIII 
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2.929 ----------+---- IIIIIIIIIIIIIII 
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3.092 -+------------------- IIIIIIIII 
3.118 ----+-------------------- IIIIIIII 
3.121 ---+------------------------ IIIIIII 
3.153 -+--------------------------- IIIIII 
3.236 -+---------------------------- IIIII 
3.271 -+----------------------------- IIII 
3.589 -+------------------------------ III 
3.649 -+------------------------------- II 
4.114 -+-------------------------------- I 
8.492 -+--------------------------------- 
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Figure 3.27 Raitts Burn to Meadowside Quarry study section: cluster tree (average 
































Figure 3.28 Ratts Burn to Meadowside Quarry study section: canonical variable plot for 
multiple discriminant analysis of clustered particle size distributions 
CANONICAL VARIABLE I 
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The 5 crude llthofacles derived from the cluster analysis are plotted here denoted A-E for - 























............................ .............................................................................. f.. . 
-5.5 -4.5 -3.5 -2.5 -1.5 -. 50 . 50 1.5 2.5 7.5 1.5 5.5 
-5.0 -4.0 -3.0 -2.0 -1.0 0.0 1.0 2.0 3.0 4.0 5.0 
150 
Figure 3.29 Raitts Burn to Meadowside Quarry study section: particle size curves for the borehole sediments sar pled for each of the facies defined 
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Figure 3.30 Rains Burn-Meadowside Quarry study section: Mean particle size 
against sorting for the particle size single link clustered facies 
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Figure 3.31 Raitts Burn-Meadowside Quarry study section: Mean particle size 
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Figure 3.38 Raitts Burn-Meadowside Quarry study section: cross section 7 












Plate 3.5 Spey Bridge exposure at NH 76420 00540: upper Gm facies with 
200mm scraper for scale 
0 50 100 150 200 250 300 350 400 450 
DISTANCE ALONG SECTION 
FIGURE 3.39 KERROW-LYNCHAT STUDY SECTION: EXPOSURE IN BENCH AT SPEY BRIDGE 
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NH76420/00540 HEIGHT AT TOP c. 232m 
(m) .. ýý 
""" 
0041, Loose yellow Brown rounded to subrounded sorted medium to coarse a 4D 
"" schistose granitic sandy GRAVEL 
Medium dense yellow brown rounded to subrounded poorly sorted 
schistose granitic sandy GRAVEL and COBBLES (clasts imbricated 
"" "Loose yellow brown well sorted coarse SAND downvalley) 40 
"" 
"""" 
="" Medium dense yellow brown rounded to subrounded poorly sorted 






xx (A) Firm grey well sorted sandy SILT (A) 
x (B) (10mm coarsening up sequences, channels filled with B) 
(A/B) 
4 -xý- Firm yellow brown well sorted silty fine medium SAND (B) 
X (A) Some ironstaining at the base of each unit 
x A/B indicated interbedded facies up to 10cm interbeds 
5x (B) with irregular surfaces and coarse gravels in channel fills 
x 
Well developed flame structures of A up into thin (5cm) 
bed of B 








ý; "" ýýý`.. ý 'r . ý. 
: 'ßy"6,, -, 
r, ; STAY' 
i 
'ý 
t Yý J. 
Plate 3.6 Spey Bridge Exposure at NH 76420 00540: lower FI/S) facies with 200mm 
scraper for scale 
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FIGURE 3.40 KERROW-LYNCHAT STUDY SECTION EXPOSURE IN BENCH AT 
KINGUSSIE SCRAP MERCHANT NH76240/00620 HEIGHT AT BASE c. 224m 
Firm yellow brown well sorted silty fine SAND 
(Beds 5cm thick with regular ironstained horizons; beds 
rippled with 20cm wavelength) 
Firm grey/brown well sorted sandy SILT 
(Laminated at 1 cm intervals with silty fine SAND) 
(Sr) 
(II/Si) 
FIGURE 3.41 KERROW-LYNCHAT STUDY SECTION: EXPOSURE IN KERROW GRAVEL PIT 
NH76460/ 01020 TOP C. 232m 
(m) Particle size 
CI S' Sr 1301 
00 
(this unit has a lower boundary draped over the bed below and 
0"" thickens into 2m wide channels up to 20cm thick) 
40 0" 
""0"1 
Medium dense grey brown rounded to subrounded medium (Gm/Gt) 
41000 sorted granitic schistose sandy GRAVEL and COBBLES 
1"" 
Medium dense rounded to subrounded medium sorted clayey (Gm) 
sandy GRAVEL 
4 (same as first bed above) (Gm) 
2,0 
Loose yellow brown rounded to subrounded medium sorted (Gm) 
i !2 16 granitic shistose sandy GRAVEL and COBBLES 
3 Loose yellow brown rounded to subrounded medium sorted (GnVSh) 
granitic schistose SAND and cobbley GRAVEL 
3 
Units are bedded off 
the feature as in this 2 
diagram 33 
(m) Particle size 
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FIGURE 3.42 RAITTS BURN-MEADOWSIDE STUDY SECTION 
EXPOSURE 1 IN EAST LODGE QUARRY NH79750/02750 C. 234.5m 
Medium dense yellow brown silty SAND and GRAVEL 
Medium dense very silty SAND and rounded to subrounded 
schistose granitic GRAVEL 
Dense yellow brown very silty gravelly SAND 
Fractured angular schistose GRAVEL 
SCHIST BEDROCK 
FIGURE 3.43 RAITTS BURN-MEADOWSIDE STUDY SECTION: 
EXPOSURE 2 IN EAST LODGE QUARRY NH79750/02750 C. 230.5m 







AA Dense grey brown sandy clayey SILT and rounded to subangular 




(Base of section obscured but schist bedrock 1m below vertically) 
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Plate 3.7 East Lodge Quarry exposure at NH 79750 02750: 
section 2 showing the Dcm/ Dmm diamict (tape measures 0.8m) 
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FIGURE 3.44 RAITTS BURN TO MEADOWSIDE QUARRY STUDY SECTION: CLAST 










FIGURE 3.48 RAITTS BURN TO MEADOWSIDE QUARRY STUDY SECTION: 
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r =t`ý 
Plate 3.8 S. of Coilintuie exposure at NH 80201 03140: 
complex ice marginal sequence (see figure 3.46) 
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FIGURE 3.45 RAITTS BURN-MEADOWSIDE STUDY SECTION: EXPOSURE 1 (UPPER) 




C S'S rB 
AL AL 
AA Medium dense yellow brown silty SAND and rounded to 
AA subangular schistose granitic cobbley GRAVEL 
(DcrNGm) 
1 AA (Near the top 5cm thick silt units forming irregular drape 
AA over clasts) 
AA 
AA 
Medium dense grey brown silty clayey SAND and rounded (gym) 
to subangular schistose granitic cobbley slightly bouldery 
2- AA GRAVEL 
AA 
". 
(most of the clasts are covered with a sticky clay coating) 
AA 
(Base of this unit at 6.0m) 
FIGURE 3.46 RAITTS BURN-MEADOWSIDE QUARRY STUDY SECTION: EXPOSURE 2 
(LOWER) SW OF COILINTUIE BY OLD A9 NH80210/03140 BASE C. 222. Om 
Silty fine gravelly SAND 
K, also shown by 
Dense brown slightly clayey silty SAND and cobbley 
bouldery schistose granitic GRAVEL 
LL 
L= Pockets of medium dense brown clayey sandy 
m SILT and cobbley GRAVEL 
Nz, K= Blocks of bedded yellow brown slightly 
clayey silty SAND 
A Vertically folded yellow brown silty SAND 
AAAA LL=1cm thick bed of laminated L 
A=Medium dense brown silty SAND and 
slightly cobbley bedded GRAVEL 
A B=Medium dense silty fine SAND (Sh) 
C= Bedded silty fine SAND (Sh) 
Dense silty Dark brown silty clayey SAND and e SAND and GRAVEL 
RAVEL Medium dense yellow silty vertically 
folded SAND (Sh) 
Pockets of medium coarse 
















Plate 3.9 General view of the Dms diamict exposed in the 
Meadowside Quarry 
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FIGURE 3.47 RAITTS BURN-MEADOWSIDE STUDY SECTION: 








Medium dense to dense grey brown slightly sandy slightly cobbley 
gravelly angular to rounded schistose granitic SILT 
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Plate 3.10 Meadowside Quarry exposure at NH 81450 04180: close up of the diamict 
Dms (tape measures 0.8m) 
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CHAPTER 4 
DRUMOCHTER PASS AND UPPER GLEN TRUIM 
4.1. INTRODUCTION 
This chapter covers work on 2 sites within the study area of Drumochter Pass and Upper 
Glen Truim, an area that extends from tkm north of the pass summit (and Highland Region 
boundary) to the mouth of the Alit Coire Bhotie where if flows into the Truim (See figure 4.1) 
The Pass of Drumochter forms the lowest and most direct route from the Central Highlands to 
the south, and as such is a vital transport corridor used since the earliest times. General Wade 
built a military road into the Highlands by this route in the years after the 1745 rebellion, and the 
Highland Railway also chose this route for its direct link to Perth in 1863. The modernisation and 
upgrading of the A9(T) over the pass in the mid and late 1970's was the latest transportation 
project in the area- one which provided much of the data for this Investigation in the form of air 
photos, borehole/trial pit logs and detailed surveying (see Appendix A). 
4.2. PHYSICAL BACKGROUND TO THE STUDY AREA 
The geological sequence found in the the Drumochter Pass and Upper Glen Truim area is 
very similar to that found in the NE of Kingussie area. Accordingly the general geological history 
of this area is described in section 3.2.1. 
Little of specific respect to Drumochter Pass and Upper Glen Truim can be said about the 
bedrock, since the map sheet (63) covering the area has never been published. However, 
some details can be gleaned from the maps and memoirs of the adjacent sheets, particularly 
sheet 64 "Upper Strathspey, Gaick and the Forest of Atholl" (Barrow, Hinxman and Craig 1913). 
Thus, it is considered that several of the main SW-NE trending valleys may be fault controlled 
such as Loch Ericht-Lower Glen Truim and Loch Garry-Coire Mhic-sith. The bedrock of the 
surrounding area is composed of folded quartzose schists (formerly known as granulites), 
although granite intrusions outcrop to the west- in particular the Rannoch Moor granite which is 
20km to the south west. 
4.2.2 LANDSCAPE EVOLUTION '"' 
The general aspects of the landscape evolution considered in section, 3.2.2 are 
applicable to this area too. However, note in addition that Drumochter Pass lies on the 
watershed between the Tay and Spey basins, and divides an area of strongly dissected 
mountains to the west (surrounding Rannoch Moor) from an area of plateaux extending to the 
east (Gaick and Cairngorm). The present topography of the study area appears to have been 
strongly influenced by repeated Pleistocene glaciation during the last 2 million years. Thus, the 
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massifs of the Gaick and Drumochter Mountains (east and west of the Pass respectively) bear 
considerable evidence of recent and sustained glaciation in the corrie development and the 
breaching of watersheds (Linton 1951), whilst the valleys are overdeepened and the bedrock in 
the valleys covered with a thick cover of drift. The Pass itself may have developed from the the 
erosion of a fault, subsequently enlarged by repeated glacial erosion, and now itself has 5 
tributary corries which have probably developed by headward erosion (figure 4.1). 
The Pass of Drumochter occupies a central position in the Late Quaternary glaciation of 
the Central Highlands, as it divides the Western Grampian mountains from the Gaick massif in the 
east. Early work by the Geological Survey in the area (Barrow, Hinxman & Craig 1913) 
suggested that ice which built up to the west of the area later overwhelmed the local ice from the 
Gaick massif, such that the whole area was covered by ice at the glacial maximum. Evidence for 
this north-easterly migration of the ice divide is seen in the glacial breaches of Loch an Duin in 
the Gaick and Drumochter Pass itself, along with the occurrence of erratics of Rannoch Moor 
granite up to 1000m on the Gaick massif (Sissons 1974). I 
However, many of the distinctive depositional glacial features of this area remaining today 
appear to be derived less from the main periods of ice sheet development, but more from the 
growth of local ice caps in stadial conditions. Sissons (1974) suggests that the renewed 
development of an ice cap in the Gaick area is consistent with palynological dating evidence from 
Loch Etteridge 8km north of the massif (Sissons and Walker 1974) which shows renewed cold 
conditions after the collapse of the main Scottish ice sheet. A pollen diagram available from the 
Pass itself (Walker 1975) shows no Late Glacial deposits, an indication that the site was 
overwhelmed by ice from the Loch Lomond Readvance. 
Sissons (1974) located the margin of the Loch Lomond Readvance ice at the western 
edge of the Gaick massif at above 800m OD, delimited down slope by the presence of 
solltluction features and meltwater gorges such as that now occupied by Alit Coire Chiurn. On 
either side of the Pass of Drumochter he noted ice margins in Glen Garry to the south 
(Thompson 1972) and in Glen Truim to the north, both formed by outlet glaciers fed from the 
Gaick and the mountains to the west. Specifically he mapped major Ice flows from the Gaick via, 
Coire Mhic-sith and from the Rannoch Moor area via the Loch Garry trough into the Pass where it 
divided. The southern arm flowed down Glen Garry to a terminus 2km above Edendon Bridge, 
whilst the northern arm flowed into upper Glen Truim where it was augmented by smaller flows of 
Ice from the conies of Beul an Sporain, Fhar, Tuirc, Dubhaig, and Chiurn. 
There has only been limited change in the landscape in the postglacial period. The Truim 
has developed a small flood plain by lateral erosion from its current channel, whilst the steep 
slopes of the Pass itself now support numerous active debris flows (Chattopadhyay 1984, Innes 
1984). 
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4.3. LANDFORMS OF THE STUDY AREA 
Considerable attention has been paid to the landforms of Drumochter Pass due to its 
central location dividing 2 upland massifs apparently supported by ice caps in the Loch Lomond 
Stadial. The interest stems from a debate over whether the 2 areas sustained simultaneous and 
physically continuous glaciation, and the nature of the deglaclation of the Loch Lomond Ice 
caps, especially at the Ice margins identified in the Truim and Garry valleys. The object of this 
study was to study in detail the landform assemblages and associated sediments manifest at, 
and within, a relict ice margin in the Truim valley. 
This study area affords the opportunity to examine the landform-sediment relationships in 
an area meeting the 'classic' criteria of Eyles' glaciated valley landsystem (Eyles 1983b) le steep 
side walls, large quantities of coarse sediments and an ice limit. In particular a methodology for 
assessing the control of landforms is suggested and tested. 
In a comprehensive work covering the whole Gaick massif Sissons (1974) published a 
map of the main landform elements which included those present in the Upper Truim valley and 
Drumochter Pass. The main features present in this area were so-called "hummocky moraine", 
some outwash terrace fragments, a large alluvial fan and several areas of meltwater channeling, 
all of which can still be identified both from air photos and in the field (see figure 4.1) compiled 
from air photos at a scale of 1: 10,000). Sissons used the mapped distribution of these 
landforms to characterise the glaciological conditions which developed during deglaciation of 
the Loch Lomond ice cap, whose operation he demonstrated by the presence of ice marginal 
features located around the massif. 
The primary evidence used by Sissons to characterise the limits of the Ice cap was the 
location of outwash terraces and hummocky moraines. In the absence of terminal moraines he 
mapped ice limits as being at the down valley limit of the "hummocky moraine", and considered 
these features diagnostic of valley glacier ice marginal zones. The landform features themselves 
were not described in detail except as a 
"highly irregular terrain comprising large numbers of mounds that are often steep 
sided and usually strewn with numerous boulders" (p95). 
He noted their association in places with meltwater channels and occasionally with sorted 
sediments, but ascribed their origin to processes of stagnation, ie the melt out of debris of 
supra- and subglacial origin derived from Ice downwasting In situ. However, In the 1974 paper 
he also noted that In one location 
"hummocky moraines are very well developed but... they are often difficult to 
distinguish from mounds formed of dissected till" (p104). 
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This distinction was not elucidated in any greater detail, and the two landforms were mapped as a 
single association, both features being indicative of former Ice cover by the wasting of a valley 
glacier rather than a regional ice mass. 
However, Eyles (1983) considered an alternative framework for the interpretation of the 
"hummocky moraine" in drawing an analogy between the Iandforms seen in contemporary 
Icelandic environments and the those seen in Scotland, particularly in Drumochter Pass and 
Glen Torridon. He argued that although the "hummocky moraine" as seen today in Scotland is a 
complex depositional topography, this pattern developed by collapse and melting from a 
'controlled' pattern of incremental latero-terminal ice retreat. Eyles (1983c) notes and Identifies 
medial and lateral moraine In these Scottish valleys along with push moraines amongst the tracts 
of "hummocky moraine". This leads him to conclude that these features are derived from 
glaciers that dissipated by frontal retreat and = wholesale stagnation In situ as Sissons (1974) 
suggests. 
This study of the landforms therefore aimed to examine the features very closely by 
detailed morphological mapping, in order to suggest which of these interpretations might be 
accepted In this area: I1 .111 ''1, 
Detailed morphological mapping was carried out in the field at a scale of 1: 2500 for the site 
at Drumochter Lodge and adjacent to a cutting made for another A9(T) improvement 1 km north 
of the Regional Boundary (see figure 4.1 for limits of these areas). The landforms were mapped 
onto a 1: 2500 base map compiled from engineering drawings from the A9(T) Improvement and 
photo-enlarged OS 10,000 maps of the Pass by resection, using the system suggested by 
Cooke and Doomkamp (1974) and based on Savigear (1965). Discussions will be based on this 
map (figure 4.2), and locations identified by letters. 
The map has been divided into 10 zones which are referred to in the text, and represent 
areas of landform associations (which vary in size) defined by a subdivision of the whole site's 
features. The slope angles recorded for each zone were plotted as a bar chart with each slope 
angle frequency on the Y axis expressed as a ratio of the modal class count, which makes the 
plot dimensionless for the number of slopes measured. For a detailed discussion of the 
methodology adopted see section 2.4.2.1. However, due to the detail with which the mapping 
was carried out it was assumed that a good sample of the population of slopes was obtained. 
The mapped area covers approximately 1.5km2 and Is centred on the Sissons (1974) Ice 
limit, and area is bounded in general by the steeper slopes of the valley sides (">20°). Running 
through the area are the main Perth to Inverness road and railway, both of which are associated 
with a narrow corridor of 'cut and fill' operations, of which the road is both the most recent and the 
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more extensive. However, due to the well documented nature of the road construction all areas 
of engineering disturbance have been identified. The area currently supports limited grazing, 
and there are few other disturbances to the landforms except some restricted ditching (see plate 
4.1). 
Before describing the landforms in detail several features of ttie topographic framework 
should be noted. Firstly, that the 5 corries which debouch Into this area In addition to the Pass 
itself and can each be seen to have contributed different inputs of ice and sediment into to the 
study area. Coires Fhar and Tuirc both have wide, shallow entrances to the valley floor and are 
blocked by considerable tracts of hummocky drift. Coire Dubhaig has a poorly developed form: 
the corrie is relatively long and narrow and shows limited evidence of overdeepening by ice, with 
a steep angle of entry onto the Truim valley floor, suggesting a limited ice discharge. ( uW I) 
By contrast Coires Chiurn and Beul an Sporain do not directly open onto the valley floor at 
all, but in the case of Chiurn is connected to it by what Sissons (1974) described as a 'meltwater 
gorge'. This gorge exits into the Truim valley through a narrow cut in the valley side about 50m 
above the level of the valley floor, which suggests that In Loch Lomond times (at least) the 
Chiurn Glacier did not flow into the Truim. Thus the meltwater from Coire Chium emptied out of 
this gorge and developed a large alluvial fan, whose development continues today on a smaller 
scale, providing some maintenance problems for the modern A9(T) road. Coire Beul an Sporain 
is a narrow high level corrie descending to the valley floor steeply, and can considered as a 
tributary to Coire Fhar. Each corrie's input to the Drumochter Lodge study area can be related to 
the glaciological controls upon its regime, and might be expected to contribute to the patterns of 
sedimentation. 
Elsewhere on the margins of the study area the side slopes descend steeply to the valley 
floor, on both sides with a generally concave profile, although on the west side there is some 
oversteepening at the very base of the slope. This appears to be developed in the rockhead 
profile, as a small quarry (at Q on figure 4.1) shows very thin sediment cover at this point, with 
rock seen elsewhere to the north of the quarry in stream beds. The valley floor has a constant 
down valley slope of only 1°, and is occupied by the River Truim which has incised itself a few 
metres into the valley floor sediments, although not to rockhead. 
This zone covers the lower valley slopes above the Coire Chiurn fan in the extreme north 
east of the study area. The slope facets measured have a strong orientation down the main 
valley side slope, and a modal slope angle of 3-40. The distribution of slope angles (figure 4.3) 
shows that this zone is made up primarily of angles between 3 and 12°, which can be seen to be 
declining down slope giving a concave lower valley-side profile. Angles of up to 2011 are also well 
represented in the cut slope at the base of the zone, which are probably trimmed back by the 
distributary channels of the Coire Chiurn fan. This whole zone displays few distinct landform 
features as it would appear to lie outside the area directly affected by Loch Lomond ice, and has 
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only been modified following the main period of glaciation by subaerial slope processes and 
some gullying. 
Note that since the slopes grade to a point above the fan this may be evidence that the 
processes of down slope paraglacial sedimentation described by Ryder (1971) were active after' 
regional deglaciation but before the wastage of the Loch Lomond ice probably responsible for 
the building of the Coire Chiurn fan. 
This zone covers the valley floor in the extreme north of the study area, the River Truim 
running through the centre of it. The slope angles have a strong orientation down the long axis 
of the valley parallel to the river, and are dominated by the single mode in the 1.2° slope class 
(figure 4.4). 
This zone is composed almost entirely of former channels and bars developed under 
ancient and modern fluvial processes. The modern flood plain forms a well defined corridor 
through the centre of the zone, demarcated by sharp lateral breaks of slope which step up to 
various relict fluvial surfaces. The first higher terrace, composed of bars and channels, is the 
widest of the abandoned surfaces, and appears to be matched on both sides of the Truim. The 
higher terrace on the east side may be continuous up slope with the fan, now cut back by the 
Truim, however on the west the feature is clear and well defined. Note that down valley out of 
the study area the lower terrace appears to form a laterally extensive surface, also grading up into 
the fan (although the road impedes direct correlation). A narrow and yet higher feature can be 
seen on the west side on which the railway has been laid. However this feature has some 
hummocky topography as well as channels and bars, and seems to merge up slope into the 
valley side landforms of zone 3. 
Both upper terraces on the west side of the Truim would seem to have developed under 
vigorous fluvial conditions, with the extent of especially the lower terrace suggesting a braided 
channel environment rather than single channel cut and fill. 'The hummocky nature of the 
- uppermost surface along the railway may indicate the presence of buried ice since the 
hummocks are restricted to the extreme valley margins, an eroded lateral moraine complex. 
Unfortunately, it is not possible to correlate the Coire Chiurn fan with either of the 2 western 
surfaces with any degree of certainty. 
4.3.3.3 Zone 3 
This is a small zone of steep valley side In the north west corner of the study area which 
merges into the upper relict fluvial surface of zone 2. The slope angles are strongly orientated 
down the slope (figure 4.5), but show some slope convergence due to the gullied nature of the 
zone. The slope angles are distributed across a wide range of slope classes, with the mode at 
15-16° and most other classes having counts with a high proportion of the modal class (this Is 
partly related to the smaller sample size). Some of the (apparently postglacial) gullies show 
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bedrock in steam channel beds, which taken with the fact that the general slope angle eases off 
above the mapped area, may indicate that the sediments of this convex part of the valley side 
slope have collapsed following the removal of ice support. 
4.3.3.4 Zone 4 
This zone covers the large fan developed out from Coire Chiurn to the east of Glen Truim 
forming the central northern part of the study area. The slope angles are everywhere kLtt;, 
radially from the mouth of the Coire Chiurn meltwater gorge, although with some attenuation 
up valley towards Drumochter Lodge. The slope angle classes recorded bear a similarity to 
those of zone 2 with a strong modal class dominating the others, although with a mode in the 3- 
411 class (figure 4.6). There are a greater number of slope angles recorded in the 5-12° classes 
too reflecting the greater overall average angle over which the fan is developed, and a decline in 
the average slope away from the fan apex. 
This feature is a well developed relict fan with many diagnostic features including a steep 
a9ý nSr front face where the fan may have abutted^or overlain dead ice. It also seems to have overrun 
and surrounded a flat topped mound (point A in figure 4.2), which may be an outlying remnant of 
slope foot paraglacial materials. 
4.3.3.5 Zone 5 
This is an zone forming the central part of the valley floor in the study area, containing the 
full extent of an abandoned section of the old A9(T). The slopes angle classes (figure 4.7) are 
dominated by a mode in the 1-2° class, but also have a good spread up to 15° with more in the 
intermediate classes than in zones 2 and 4 which have similar distributions. The zone is 
bisected by the narrow corridor of the modern Truim flood plain, with the west side being the 
narrower. 
The east side of the zone seems to be largely made up of a small area of relict channelised 
surface perched above the modern flood plain, particularly well developed in the southern part 
of the zone, where Sissons (1974) mapped a fragment of terrace. Leveling of the modern flood 
plain and higher surface (see figure 4.14) suggests a downward gradient across two fragments 
of the surface, which seems to be subparallel with the modern flood plain, and possibly related 
to former fluvioglacial action. Up valley the higher surface seems to run into and end abruptly at a 
series of high mounds in zones 8&9, and is flanked on the east side (east of the old A9(T)) by a 
chaotic hummocky area: this relationship is discussed below in zone 8. The western side of the 
zone is a narrow strip along the railway except for one location now preserved in a meander of 
the Truim which is hummocky, and cut by several channels, being similar to the hummocky area 
east of the old A9(T). 
This is a small zone in the east of the study area bounded by the fan and steep adjacent 
valley sides. The slope angle classes (figure 4.8) show a, bimodal distribution, with the mode 
represented in 3 out of the lower 4 classes. This pattern is characteristic of an area of hummocks 
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on an inclined base, with many slopes in the low angle inter-mound areas and a second mode in 
the hummock side slopes. , 
This zone appears to be the only remains of an area presumably eroded an overrun by the 
fan In zone 4. Many of the features are orientated, towards Coire Dubhaig behind Drumochter 
Lodge, and the hummocks may be related to dissection or deposition associated with ice from 
that source (see zone 7 for more details). 
This zone is sandwiched between the modern road and some steep valley side slopes. It 
is a zone of low relief, mostly channelised, ending abruptly up valley. with some higher relief 
mounds as in zone 5. The slope angle classes (figure 4.9) show a similar pattern to that in zone 
4, differing only in the lack of any higher angles (which in zone 4 related to an Isolated 
hummock), and are orientated away from Coire Dubhaig up slope as in zone 6. 
The zone's channels appear to focus on one of the relict zone 4 fan channels which 
suggests a similar origin and function since the current discharges are grossly underfit for the 
channel. Such a fan or area of fluvioglacial action would seem related however to Coire Dubhaig. 
, This zone contains a dissected arcuate set of mounds of up to 10m relief running east 
west across the valley (and extending into zone 9). They are separated by deep Incisions 
whose floors slope from south to north, and are themselves cut and cross cut (see point B) at a 
higher level. The slope angle classes (figure 4.10) are bimodal bearing some similarity to those 
of zone 6, with the overall mode in the 1-2° class which matches the channel cuts. The higher 
slope angles are accounted for by the sides of the mounds themselves. 
These features can be interpreted part of a terminal moraine, possibly of Loch Lomond 
age, due to their association with a hummocky and a channelised topography down valley of the 
moraine in zones 5 and 7. Sissons (1974) noted an ice limit in this area, and the detailed 
mapping and slope information now available support this view, although the major ice limit 
would be placed here and not beyond the Coire Chiurn fan as he suggested. Note that the site 
on which the Lodge is now located appears to be a small fan of the modern Allt Coire Dubhaig, 
which has destroyed many of the proximal features of the moraine. 
This zone is analogous to that of zone 8, but with some Important differences. The line of 
mounds which begin up slope in zone 8 are continued down into this zone but at a slightly lower 
relief. The features and incisions are also orientated slightly to the east of the valley axis as 
opposed to the north westerly orientation of the zone 8 mound Incisions. The slope angle 
classes (figure 4.11) are different, in the main due to the influence of the many slope facets 
associated with the modern flood plain of the Truim and the small fan of the Allt Coire Dubhaig. 
An interesting feature of this zone are the ridges (one fragmented) which approach the moraine 
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from the south (up valley), steep sided and with sharp crests which have sinuous courses 
subparallel with the valley axis (points C and D on figure 4.1). 
The mounds would seem to be part of the moraine identified, perhaps orientated to take 
account of the ice/ water flow from the south west out of Coire Fhar. The ridges running up to 
the moraine from the inside may be eskers (see section 4.4.3 below on sediments) the 
discontinuous one (point D) has been cut through subsequently by the Allt Coire Dubhaig In 
several places. 
4.3.3.10 Zone 10 
Of all the zones (apart from 11) the topography of this one Is the most complex. The 
slopes are orientated in various directions as part of many different hummocks and channels, 
whilst the slope angle classes (figure 4.12) are also widely distributed. exhibiting some 
bimodality. The average orientations of the low angle slopes appear to diverge incrementally, 
from east towards the west (down slope) across the zone, perhaps Indicating the change in the 
relative contributions of ice flowing from the Coire Dubhaig and Drumochter Pass directions. 
The orientation shift in the low angle slopes and the channel cuts suggests some control 
in the apparent disorder of this topography. The patterns observed may be partly explained by 
suggesting that the hummocky sediments of this, zone have either been systematically 
dissected by water during deglaciation in the presence of abundant buried ice, or developed 
from controlled debris-covered ridges which have been marginally eroded. The second minor 
mode in the higher slope angle classes appears to confirm the Importance of cut slopes in this 
zone. 
The last of the mapped zones Is also a very complex area of hummocky topography on the 
lower valley sides to the west of the Truim. The features in this zone also have a notable 
orientation expressed in the form of the cuts between the hummocks and in the low angle slope 
directions, which appears to be orientated towards the up slope coires Fhar (major) and Beul an 
Sporain (minor). The slope angle class histogram (figure 4.13) is almost Identical to that of zone 
10 underlining its mapped similarity, although with a less pronounced bimodality and slightly 
smaller second mode. 
This zone, as zone 10, would appear to have been dissected by channelled water flowing 
out of Coire Fhar, with abundant buried ice in situ, or from controlled debris-covered ridges 
marginally eroded. The striking similarity with zone 10 and yet its non-spatial contiguity suggests 
a similar origin for both, perhaps as part of the same glacial system. 
The site at the location of the cutting for the new A9(T) 1 km north of Drumochter Pass 
(see figure 4.1) is small by comparison with the extent of the Drumochter Lodge site. However, 
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it is worth studying in some detail as there is a useful amount of sedimentological data available 
for a compact well-defined area. 
The site forms a strip some 600m long by 100m wide along the eastern valley floor at the 
foot of some steep slopes opposite the entrance to Coire Tuirc, and about 800m SW of 
Balsporran Cottages in the Drumochter Lodge area (see figure 4.15). The site was mapped 
using the same system of morphological mapping as the previous site, except that slope angles 
were not collected as they were not as important In the context of this study. The bounds of the 
area were a sharp up slope transition to (partially) active screes at angles of >3511, and the road 
cutting at the down slope side (plate 4.2). 
Throughout the site there Is a structure to the orientation of the landform features which 
even now controls the local drainage channels firstly, along the valley axis parallel to the steep 
valley side and, secondly down the direction of maximum slope. Superimposed on this pattern 
is a broad threefold zonation from south to north along the road chainage: section 1 between 
chainage 1100 and 1300; section 2 between chainage 1300 and 1500; and section 3 between 
chainage 1500 and 1700. 
Section 1 and section 3 appear to have similar landform geometry formed of large 
hummocks divided from each other by narrow down slope gullies, and with either a slope 
reversal or a sharp break of slope separating the feature from the steep valley side walls. These 
hummocks also have steep sides to them facing towards the valley centre (unrelated to the road 
cutting), and especially in section 3 have lower and smaller hummocks developed between 
them and the road, whose long axis is parallel to the valley side. 
Section 2 has a less regular form, although with many of the same elements. Thus, there 
are also some large hummocks , and smaller hummocks nearer the road, which are separated 
from the valley wall, and divided from each other by gullies. The smaller hummocks are 
elongated and run parallel to the valley side walls, especially the lower ones nearer the road. In 
the centre of this section there is however an area where these patterns break down and a large 
open half basin or wide gully has developed, which has some smaller, hummocks within it, 
orientated down slope. 
This landform complex can be considered as a section of lateral moraine, due to Its distinct 
identity from the valley side slopes and the strong along valley orientation. The surrounding 
hummocky terrain indicates that considerable quantities of sediment were being transported 
through this part of the valley, especially considering the proximity of Coire Tuirc. Note that the 
size and along valley persistence of this feature has ensured that it has survived the effects of 
postglacial debris flow and scree development (Chattopadhyay 1984), and may at one time have 
been even more distinct. 
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4 . 4. SEDIMENTS OF THE 
STUDY AREA 
Much of the previous work, on and discussion of, the geomorphology of Drumochter 
Pass has concentrated on the landforms and their relationship to the former glaciation of the 
area, and little work has been carried out on the sediments. This Is due in part to a lack of 
obvious exposure, and, until the improvement of the A9(T) the lack of any other subsurface 
data. 
The work done on the sediments of Drumochter Pass can be divided into 2 kinds. Firstly, 
that carried out by geomorphologists and sedimentologists, mostly whilst investigating the style 
of deglaciation of the Loch Lomond ice cap and the formation of the hummocky moraine. 
Secondly, that carried out by engineers in relation to the site and route Investigations for the 
improvement of the A9(T) road over the Pass. Neither of these 2 sets of work seems to have 
been done with the knowledge of the other, so the work will be considered separately. 
The first accounts of the drift geology of the area were written by the early workers of the 
Geological Survey of Scotland. Unfortunately sheet 63 covering the Pass and Upper Glen Truim 
has never been published, and so only general comments from adjacent sheets are available. 
Thus, in the memoir for sheet 64 "Upper Strathspey, Gaick and the Forest of Atholl" (Barrow, 
Hinxman and Craig 1913) it is recognised from the sediments that a later period of minor 
glaciation must have followed the main glaciation: 
"the upper limit of these moraines can often be traced very clearly on the hillsides, a 
slope of smooth boulder clay above contrasting In striking manner with the 
hummocky products of the valley glaciation" (p99) 
It is also argued in the same memoir that the large volume of sediments in some small valleys and 
corries in the Gaick massif is evidence of the overrunning of the local ice by western ice which 
brought in material in large quantities. 
The first real attention by a geomorphologist was that of Sissons (1974) in his work on the 
last Loch Lomond ice cap in the Gaick area. Using a largely morpho-stratigraphic analysis he 
argued that the termination of "hummocky moraines", followed down valley by outwash terraces 
marked the extent of Loch Lomond valley glaciers on both sides of Drumochter Pass. He 
described the material making up the "hummocky moraines" as "till with many large stones and 
boulders in a gritty matrix" (p95), but offered no detailed explanation of their origin or 
glaciological associations. 
One glaciological explanation of the origin of the "hummocky moraine" sediments in the 
Pass has been provided by Eyles (1983c), by analogy with similar landforms and sediments 
forming In Iceland today. Using the Eyles (1979) model of 'supraglacial' sedimentation, he 
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suggests that the basic processes of deposition are debris slides and englacial debris melt-out 
into topographic 'lows' In a hummocky stagnating Ice-marginal belt. Continued melting leads to 
an inversion of topography, with the troughs containing the mixed diamicts, and sorted and 
partly sorted meltwater sediments ultimately forming the hummocks, with the whole, landform 
association being underlain by some quantity of basal melt-out till. Eyles notes how In the 
terminal zones of Icelandic valleys glaciers this kind of sedimentation is organised in latero-frontal 
moraine ridges and medial moraines, and that as the glacier retreats up-valley the hummocky 
area is isolated from the clean ice. Up valley from the Ice maximum the sedimentation Is 
therefore more organised in the form of lateral and medial moraines during the rapid frontal 
retreat. This explanation was applied loosely to certain areas of the Scottish "hummocky 
moraine" including Drumochter Pass, largely using published details of landform patterns and 
sediments. 
However, another piece of recent work on the Scottish "hummocky moraines" has 
suggested that these features are formed subglacially (Hodgson 1982,1987). Although this 
work was not carried out in Drumochter Pass it is the most detailed sedimentological work to 
have been carried out on the sediments associated with these landforms. From the evidence of 
clast fabrics orientated strongly parallel to the streamlined crests of hummocks In the Coire 
a'Cheud Cnoic in Torridon, and from the lack of bedding or stratification in sections or pits 
Hodgson suggests that these features are formed from the bulldozing of competent materials 
and are subglacial and not supraglacial In origin. 
The second major source of data on the sediments of Drumochter Pass is in the trial pits 
carried out for the improvement of the A9(T) road over the Pass. The major source of data for 
the sediments in the study area was the site investigation for the improvement of the County 
Boundary to Drumochter Lodge section, carried out in 1976 by Highland Regional Council 
(Report 139). This section required the opening of a cutting on the valley side just over 1km 
from the County Boundary (see figure 4.1) which cut through an area of hummocky sediments. 
In all 20 trial pits were dug in these sediments and a number of particle size tests were carried 
out, although none of the sediments were cohesive enough for Atterberg limits testing. All the 
trial pits were surveyed in to Ordnance Datum and located on 1: 2500 engineering plans. 
An earlier site investigation for an Improvement in the A9(T) road between Drumochter 
Lodge and Crubenmore carried out in 1973 however involved only 5 in two locations and serves 
only to delimit the minimum depth of drift due to the poor quality rotary core drilling employed. 
The site investigation report (Report 41 Inverness County Council) also contains a brief 
geological survey summarising the location and characteristics of materials encountered along 
the investigated route in the study area (along the east side of the Truim). This notes the 
presence of the valley side fan materials below coires Dubhaig, Chiurn and Bhotie described as 
being composed exclusively of sands/ gravels and coarser size clasts, which it notes overlying 
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either bedrock directly or melt-out till described as a sometimes stratified compact silty sandy 
cobbley gravel. 
Since only a few boreholes are available at this study site most of the Information about 
the sediments has been gathered by logging sections In the field. The available sections were 
dug out, logged and heighted to OD, and several samples taken for some particle size analyses. 
The sections will be examined by looking at the sediment information for each of the zones In 
turn on figure 4.2, as in the landforms section. 
There are no available sections or boreholes In this zone. 
There are 2 sections in this zone, both of which were exposures in the lower terrace 
identified in the zone 2 Iandforms section above. 
The first section (1) shown in figure 4.16 is an exposure in a terrace feature on the east 
bank of the Truim at the very edge of the study area. The terrace appears to correlate with the 
'lower' terrace on the west bank, and is similarly down valley graded, channelised and with relict 
bars. The sediment exposed in a river undercut bluff Is a massive bouldery gravelly COBBLES 
and medium coarse SAND with strongly Imbricated mainly rounded clasts showing a fabric 
parallel with the valley long axis. This appears to indicate that the exposure is of the inside of a 
bar which was formed in a braided river environment, probably in a very ice proximal position due 
to the coarseness of the large clasts. 
The second section (2) shown in figure 4.16 is very similar, however without the same 
strong clast imbrication. This section was exposed in a river bluff cut in the side of the leading 
edge up valley of the lower terrace feature, and covers a greater vertical proportion of the 
feature. The section Is almost perfectly vertically homogeneous with very few apparent bedding 
planes, perhaps because the material is strongly clast supported throughout. This sediment 
appears very similar to that in section (1), both notable for the complete outwashing of any fines 
present: sieving of sediment from section (2) showed negligible quantities of silt and clay 
totaling less than 1% of the sample by weight. 
The available features of these sections would lend strong support to the interpretation 
that these are a set of outwash terraces deposited in a fluvioglacial braided river environment. 
There are no available sections or boreholes in this zone. 
This Is the zone of the Coire Chiurn fan, which has no natural exposure of any satisfactory 
quality. However, there were 4 rotary core boreholes drilled for the new A9(T) bridge structure 
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over the modern channel- the Alit Coire Chiurn. These describe the materials recovered as 
"Brown cobbley bouldery GRAVEL and silty SAND" at all levels In the drill hole. Note however 
that none of the 4 holes reached bedrock at this position and that hole IR penetrated 9.3m of 
these sediments, Indicating that the fan may have attained a considerable thickness. 
This zone covers a section of the valley floor between the moraine feature Identified in 
zones 8 and 9 in the landforms section above and the fan in zone 4. There are 2 sections In this 
zone, one exposed in a cut in the side of the old A9(T), and one in river bluff. 
The first section (3) seen in figure 4.17 was exposed in a river bluff cut through a 
hummock on the west bank of the Truim. The sediments shown have a crude vertical 
stratigraphy showing a silty SAND and gravelly bouldery COBBLES divided Into an upper and 
lower parts by a stratified SAND layer overlying a thin layer of GRAVEL. The SAND and GRAVEL 
layers seem to be bedded through the hummock In sympathy with the hummock morphology, 
and fine SAND layers are actually bedded off the feature Into the fine sandy clayey SILT at the 
side (plate 4.3). This would seem to Indicate that the hummock was deposited episodically, in at 
least 3 stages. Since the diamict (Dcm/s) forming the main part of the hummock has a greater 
quantity of sift than the Gm (figure 4.16) seen down valley In zone 2, and given the non-fluvial 
style of sedimentation, this hummock would seem associated with the deposition of coarse Ice 
marginal supraglacial diamict Interrupted by some fluvial episodes. The SILT at the east side of 
the feature is probably modern flood plain sedimentation. 
The second section (4) seen in figure 4.17 has no marked stratigraphy, being a small cut 
through a low hummock in the area between the old and new A9(T)'s. The sediment Is Identical 
to the diamict described above in section (3) with appreciable quantities of silt present and a 
massive appearance. These materials seem likely to be associated with supraglacial 
sedimentation associated with the terminal moraine immediately up valley in zone 9, although 
this section shows no evidence of the presence of any meltwater channels. 
There are no available sections or boreholes In this zone. 
4.4.3.7 Zone 7 
There are no available sections or boreholes in this zone. 
This small zone encompasses the moraine feature mapped in the landform zone and the 
small fan developed by the modern Alit Coire Dubhaig. The only section available in this zone Is 
a stream cut through one of the hummocks, section (7) seen In figure 4.18. 
This section appears to have no distinct stratigraphy, being a massive Glast supported 
diamict (Dcm) of an identical description to that in section (4). Given the nature of the moundy 
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terrain In this zone, it is reasonable to suggest that this material Is a coarse supraglaclal melt out 
till, deposited at the margin of an ice mass carrying a considerable supraglacial load. 
There are no available boreholes or sections in this zone. However, there are some 
indications that the ridges described above as eskers are composed substantially of sand and 
cobbley gravel with few fines. Firstly, in the 'tailings' from frequent rabbit burrows In these 
features, and secondly in the fact that part of the southern end of the esker at'C' (see figure 4.2) 
was used by the road contractors as a source of subgrade material, which must be well draining 
and coarse. 
This zone forms an apparently dissected terrain of hummocks and channels, which lies 
just within the terminal moraine feature mapped in zones 8 and 9. There are 2 sections in this 
zone, both exposed by the erosion of the Alit Coire Dubhaig. 
The first section (5) is located on the eastern border of this zone (see figure 4.18). 'Only 
the base of the section is well exposed- just over a metre of sediment over bedrock. The 
material present Immediately over the bedrock appears to be a breccia of large clasts, perhaps 
analogous to a comminution till. This Is then overlain by a sediment similar to the material in 
sections (4) and (7), a poorly sorted diamict, although with some slight clay content in this case 
(plate 4.4). Above this section in a poorly exposed scar running up to the crest of a large mound 
a series of holes were dug to identify changes of sediment characteristics. Above the basal 
zone there was an immediate loss of the clayey content, but no other change until within 2-3m of 
the mound crest when a well sorted sand was found. 
This sequence (over 16m in length, at 500) tentatively interpreted seems to represent a 
depositional cycle from comminution till at the base, through a (basal) melt out tilt to supraglacial 
till and ultimately some sorted sediments (related to meltwater? ) at the top. 
The second section (6) seen in figure 4.18 may also preserve a basal melt out 
depositional sequence. The section cut by the Allt Coire Dubhaig contains a large mass of 
stratified diamict (Dms), which is abruptly laterally replaced by a mass of gravelly SAND (Gm) at an 
erosional contact (plate 4.5). The diamict Is not seen resting on bedrock, but bedrock can be 
seen within a few metres, and appears to be the basal part of the sequence, perhaps given Its 
stratified appearance a basal melt-out till. The sorted sediment seems to harmonise with the 
surface Into which the section Is cut le a channelised graded slope probably fluvially or 
fluvioglacially cut, and hence appears to represent a modification of the original depositional 
sequence. 
This zone forms a similar dissected terrain to that in zone 10 with a suite of hummocks and 
channels orientated out of Coire Fhar behind and up the slope. There are 2 sections- a large 
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one cut by the Allt Coire Fhar, and a smaller one on a slope oversteepened by a railway cut and 
now eroding. 
The large section (8) (see figure 4.19) is similar to the one in zone 10 above in that it forms 
a scar extending from the top to bottom of a large hummock next to the Allt Coire Beul an 
Sporain (plate 4.6). However, in this case the bottom is not exposed and only the top 5m could 
be viewed, although bedrock can be seen within a few metres horizontally of the bottom of the 
section. The surface material in the section appears to have some crude stratification running 
through it and a form of imbrication in the clasts, and hence is characterised as a diamict (Dms). 
The mass of material below all appears to be a diamict (Dcm) and has no observed structure, and 
seems to persist most, if not all the way down the section under the talus. This sequence is 
perhaps characteristic of a melt out of a large mass of supraglacial material capped with some 
material derived from glaci-sediment flows. 
The small section (9) seen in figure 4.19 is a typical sediment for the hummocks exposed 
in this study area being a diamict (Dcm) and very similar to sections (4) and (7), and Is perhaps 
best considered as derived from processes of supraglacial melt out. 
The main sequence identified in the sediments at this study site representing a crude 
stratigraphy are a coarse angular diamict at the base overlain by amass of nearly homogeneous 
diamict Dcm, sometimes capped by well sorted materials or flowed diamicts. Although often 
massive and of uniform composition the overall volume and distribution Is significant and 
characteristic of a mountain valley glacier environment where the glaciers carry a very high 
supraglacial load (Eyles 1979). 
The sediments at this site have been investigated In 2 different ways: firstly by using the 
borehole sediment descriptions from a site investigation, and secondly by logging sections and 
carrying out clast fabric analyses. ,I 
The site investigation contract involved the excavation of 20 deep trial pits at the site of a 
proposed cutting for the A9(T) improvement, and was carried out by the Highland Regional 
Council in 1975. The pits were excavated either, by hand or using a mechanical backactor 
shovel, and were positioned on the engineering drawings and surveyed in to OD. The 
sediment descriptions. were made by an on site geologist, and where possible samples were 
taken to provide particle size details. 
In order to investigate the spatial patterns of facies described from boreholes in the drift 
sediments, the technique of objective strata grouping described in chapter 2 was carried out. 
Thus, once the borehole strata descriptions for this site were, stored In the GEOSHARE 
database, coded and converted to formatted sediment parameter rows, the resultant matrix was 
submitted directly to a cluster analysis. Note that for this data only 10 parameters were available 
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viz. density, clast shape, hue and grey shade in addition to the 6 main particle size groups; the 
reduction of variance using factor analysis was found not to improve the clarity of the groupings 
and was therefore not adopted in this grouping procedure. 
The cluster tree seen in figure 4.20 shows a robust structure which can be easily divided 
into a least 10 groups as shown. However inspection of the original descriptions reveals that 
there is some degree of over classification in this structure: in particular the same kind of groups 
seem to be repeated on the right hand side of the tree, but with the addition of 'angular as a 
value in the clast shape variable. Since on the left hand side of the tree most of the descriptions 
have this item as a missing data value, no real significance can be applied to this primary division 
and initially the 2 sets of groups can be merged, leaving only 6 groups and 2 single strata 
descriptions. If these 2 are not used (one is a boulder, one is from a pit not at the cutting site), 
and one diffuse group (D) which is split amongst its neighbours, this leaves 5 primary facies 
which can be mapped over the study site (see sorted descriptions In figure 4.21). 
When the whole group of sediments are formed into description sets by facles their top 
and bottom surfaces can be calculated and plotted up to show the Inter-facies spatial 
relationships (figure 4.21). Thus, the facies have been plotted up in two sections (figures 4.22 
and 4.23) through the 2 upper and lower lines of boreholes, although note that boreholes 1,2 & 
20 are located away from the central area of the cutting and are not shown. Note that the ground 
surface heights used are those given for the heights of the trial pits, and that the values in 
outline for bedrock are minimum values given by the deepest part of the sediments sampled 
(figure 4.21). 
Before examining the facies sets as formed it Is worth looking at the fades to consider the 
success of the clustering procedure In recognising the different types of sediment present at 
the study site. Facies 1 is composed of groups A/ D1 and G and is a silty SAND and cobbley 
GRAVEL in average particle size terms, with some variance in colour but little data on density. 
The particle size curves for this facies are given in figure 4.24 and show a very close overlap, with 
some slight amount of fines up to 5%. Facies 2 is composed of groups B/ D2 and F and in 
general particle size terms is a SAND and cobbley GRAVEL with some variance in colour but no 
descriptions of density. The particle size curves for this sediment are closely overlapped and 
only slightly different from those of facies 1, with the main difference the generally lower fines 
contents, and a slightly smaller amount of coarse sands. Unfortunately there are no other 
particle size tests available to check the composition of the other 3 main facies, although their 
descriptions seem to show a significant internal inhomogeneity. Note that the differences in 
particle size terms between the silt contents of facies 1 and 2 Is very slight: the distinction is 
drawn primarily from the distinct sets of sediment descriptions. 
The upper transect in figure 4.22 which passes through the inner or easterly set of 
boreholes located on the hummock flanks (see figure 4.15) has a relatively simple stratigraphy. 
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Facies 2 appears to form most of the thickness of several of the boreholes, occasionally 
overlying fades 1 in the south of the section. This pattern of a siltier material being overlain by a 
less silty one is seen elsewhere In the study area and may reflect a subglacial and supraglacial 
origins of these materials respectively. 
The lower section (figure 4.23) shows a more complex stratigraphy, perhaps 
unsurprisingly given the slope foot position of this transect. Note that the finer sediments are 
found in the 2 main troughs in the bedrock surface at boreholes 4 and 8, probably reflecting the 
postglacial gullying of this lateral moraine complex. Elsewhere the other facies especially 3 and 
4 generally overlie bedrock directly and In general the coarser sediments overlie the finer. Also 
the more poorly sorted sediments of facies 1 and 2 tend, to be found on the flanks of the 
hummocks whilst the better sorted sands and gravels are associated with the inter-hummock 
areas. 
In 3 locations the sediments are exposed and have been logged and clast fabrics 
measured (see figure 4.25 and note positions in figure 4.17). The fabric diagrams show that the 
orientations of the clast long axes are roughly clustered around the down slope azimuth, rather 
than the long axis of the valley at this point, suggesting that these sediments were not 
deposited directly by active ice under shear but by either non-glacial slope processes or glacl- 
sediment flow processes. This is supported by the eigenvalues of the clast fabrics shown below 
in table 4-1, 
A B C D E F G 
1 MEAN ATTITUDE STD DEV'N ABOUT X 
2 SITE/Lithofecies Si S3 FISHER CONE FISHER CONE 
3 CBDLA9C 1 DCM 0.5234 0.086 32/265 37/266 48.97 49.2 
4 CBDLA9C2DCM 0.522 0.1 43/281 57/293 47.84 49.8 
5 CBDLA9C3DCM 0.5919 0.1141 13/334 14/337 43.36 43.5 
The Dowdeswell and Sharp (1987) plot also shows the comparative environments of deposition 
for the eigenvalues (see figure 4.26 below): 
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The histograms of the frequency of different angles of dip (figures 4.27) also show a pattern of 
high angles untypical of tills under shear. Note that the section 2 histogram shows the highest 
modal angle and overall distribution, perhaps related to the location of this section at the 
hummock crest, rather than the flanks. 
This analysis would tend to suggest that this cutting site is excavated into a relict lateral 
moraine complex, which has been gullied during deglaciation and post-glacially. The basal unit 
within the hummocks appears to be a siltier material and perhaps derived from basal melt out: 
however, no examples of this material was seen In outcrop. Most of the exposure seems to be 
composed of better sorted diamicts and massive gravels associated with supraglacial melt-out 
and a clast fabric strongly related to the local slope. The occurrence of some negative slopes or 
very sharp breaks of slope at the valley side margin of the moraine complex suggest that 
subaerial slope processes were not the main agents of sedimentation. 
4.5. LANDFORM-SEDIMENT RELATIONSHIPS 
This site has provided some valuable Insights into the relationships between landforms 
and sediments in an area where the primary depositional influence on the landforms has 
remained clear due to the remoteness of the terrain and their origin from an ice cap outlet glacier 
rather than a regional ice sheet which suffered large scale disintegration. The location of 
landforms associated with a former ice margin has been possible, and the analysis of the 
positioning and preservation of certain features made possible by detailed morphological 
mapping. 
In particular it has been possible to look at "hummocky moraine" from a new perspective 
armed with some detailed observations. It is argued here that the observed lack of order in many 
areas of hummocky terrain is only apparent and may not always be real. This has led to the 
suggestion that in this study area landform orientation can be related to controls of 
sedimentation such as the formation of crevasse fills, formation of debris covered ridges from 
annual accumulations of supraglacial material and the incision of sediments by meltwater all 
active during the last stages of downwasting ice. Note also that the variation of gross sediment 
supply to different areas of an ice margin may also control the landform-sediment relationships 
by determining the width of lateral and medial moraine complexes. 
Therefore this final section briefly summarises some observations on landform-sediment 
relationships noted in the main landform associations. Starting at the down valley distal part of the 
study area, there are several matched and unmatched fragments of outwash terraces preserved 
outside the modern Truim flood plain. These show wherever exposed coarse well sorted and 
sometimes imbricated sediments, Indicating a strong relationship between the landforms and 
sediments since the landforms can be seen to have a constructional architecture and 
topography. The fan in zone 4 which has developed out from the gorge of Allt Coire Chiurn also 
187 
has a distinct landform-sediment relationship, being a strongly constructional environment 
where similar processes still operate. 
In the areas immediately proximal to the large moraine feature, a rapidly varying pattern 
along the front of this landform shows many of the characteristics of the supraglacial terrain 
described by Boulton and Eyles (1979). Thus, there are zones of graded, channelised terrain 
related to fluvioglacial processes (eg in zones 7 and 5) alongside areas of hummocks (in zone 5 
between old and new A9(T) roads) apparently developed by the melt out of ice from under 
supraglacial debris. The meltwater channels may have been progressively Invading areas of 
hummocky melt out terrain, eroding the depositional topography and building up sorted 
sediments In troughs. This area therefore shows subtle Influences on landform-sediment 
relationships, since the sequence over time has developed a tendency to self adjust. Thus, 
when an area of meting out ice becomes lower than the adjacent channels zone the melt 
streams may transgress this area: the pattern left may be that extant when the water suddenly 
switched course altogether. 
Within the ice limit the landform-sediment relationships show some organisation too. 
Thus it is noted. that the sediments on the flanks of the valley tend to be composed of 
hummocky thick melt out sequences, whilst the valley floor sediments show discrete 
sedimentation in esker-like ridges and are apparently better sorted. Whilst is is recognised that 
the Truim has eroded its flood plain, it has not removed all of the existing landforms and 
therefore much of the original pattern must remain. These observations tend to concur with 
Eyles' (1983c) assertions that glacial valley deposition Is organised Into zones related to the 
spatial occurrence of lateral and terminal moraine production at an ice limit and the retreat from 
that. Thus, up valley of the feature suggested to be a terminal moraine the hummocky terrain 
becomes rapidly confined to the lateral moraine complexes, leaving no hummocks on the valley 
floor suggesting that perhaps the Truim glacier dissipated by frontal retreat of a glacier most 
heavily loaded with supraglacial materials at the margins, and not by in situ stagnation. 
Some support for this view may also be taken from the detailed examination of the 
hummocky terrain. Thus, it is noted that the slopes bounding the hummocks appear to 
developed close to the maximum standing angle for the sediments as seen both in their form 
and the fact that overall there is a slight peak in the frequency of the steep slopes (figures 4.12 
and 4.13) in the slope angle distribution for the hummocky areas (areas 10 and 11). This fact 
taken along with the orientation of the features towards the source of the ice, suggests that the 
hummocky terrain Is glaciologically controlled in this area, probably both constructionally in 
sedimentation and by incision of the wasting terrain. This may explain why Sissons (1974) and 
Hodgson (1987) have observed that these landforms are associated with a variety of sediments. 
Hence, it may be suggested that landform-sediment relationships are not entirely related to 
constructional processes, but sometimes spatially selective destructive ones. 
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FIGURE 43 DRUMOCMTER LODGE STUDY SITE 
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FIGURE 4.9 DRUAADCHTER LODGE STUDY SITE 
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FIGURE 4.14 DRUMOCHTER LODGE STUDY SITE 
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Plate 4.6 Exposure 8 (NN62350 79130) at the Drumochter Lodge study 
site (length of scar is 15m) 
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DRUMOCHTER PASS & UPPER GLEN TRUIM- SECTIONS IN DRUMOCHTER LODGE )AREA 
SECTION IN TERRACE NN63640/81290 (ZONE 2) 
Medium dense grey brown poorly sorted rounded to subangular 
schistose granitic gravelly bouldery COBBLES and medium coarse (Gm) 
SAND 
(Clasts imbricated parallel to valley long axis) 
-Base=current river level 
2 DRUMOCHTER PASS & UPPER GLEN TRUIM- SECTIONS IN DRUMOCHTER LODGE 
AREA SECTION IN TERRACES NN63325/81080 (ZONE 2) 
Medium dense yellow brown poorly sorted rounded to subangular (Gm) 
schistose granitic SAND and gravelly bouldery GRAVEL 
(m) Particle size 




Plate 4.3 View of exposure 3 (NN63040 80475 in the Drumochter Lodge 
study site, tape is extended 3m 
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Plate 4.2 View of the A9 Cutting Section, looking from the SW across the new 
A9 
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4. F} 3 
DRUMOCHTER PASS & UPPER GLEN TRUIM- SECTIONS IN DRUMOCHTER LODGE 
AREA SECTION IN HUMMOCK BY TRUIM NN63040/80475 (ZONE 5) 
(m) Particle size 
A A Medium dense yellow brown poorly sorted schistose granitic A A rounded to subangular silty SAND and gravelly bouldery Dcm/s 
" A COBBLES 
Medium dense yellow brown medium sorted fine medium Sh I stratified SAND A A Medium dense brown medium sorted fine GRAVEL Gm 
. A 
A A Medium dense yellow brown poorly sorted schistose granitic 
" rounded to subangular silty SAND and gravelly bouldery Dcm/s 




Sand dips 200 to 
.E 
Fine SAND bedded off hummock 





(4 DRUMOCHTER PASS & UPPER GLEN TRUIM- SECTIONS IN DRUMOCHTER LODGE 
AREA SECTION IN HUMMOCK OLD A9 NN63080/80215 (ZONE 5) 




AA Medium dense yellow brown poorly sorted schistose granitic 





"A ý- Base obscured but holes dug show extends down to 5m depth 
196 
Plate 4.5 Exposure 6 (NN63210 79490) at the Drumochter Lodge study site 
(tape measures 2m) 
Plate 4.4 Exposure 5 (NN63310 79140) at the Drumochter Lodge study Site 
(tape measures 1.2m) * up 
P Lu-p- 4.1% 
(5) DRUMOCHTER PASS & UPPER GLEN TRUIM- SECTIONS IN DRUMOCHTER LODGE 
AREA SECTION IN HUMMOCK IN ALLT DUBHAIG NN63310/79140 (ZONE 10) 
(m) Particle size 
A Medium dense yellow brown poorly sorted rounded to angular 
AA schistose granitic slightly clayey silty fine medium SAND and (Dcm) 
gravelly bouldery COBBLES A 
Dense grey brown medium sorted schistose rounded to (Dcm) 
0""" angular gravelly COBBLES 
Fractured SCHIST 
Holes dug above this section in poorly exposed scar: 
5. Om } as material at %% but with no silt/clay content 7.2m 
15. Om Yellow brown fine to coarse SAND 
6) DRUMOCHTER PASS & UPPER GLEN TRUIM- SECTIONS IN DRUMOCHTER LODGE 
AREA SECTION IN BANK OF ALLT DUBHAIG NN63210/79490 (ZONE10) 
(m) Particle size 
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U Medium dense yellow brown poorly sorted rounded to angular 
schistose granitic slightly silty SAND and gravelly bouldery (Dms, Gm) 
.. COBBLES 
f" LATERALLY: Medium dense yellow brown medium sorted 
" slightly silty fine gravelly SAND (Sm ) 
.A Very dense dark brown poorly sorted rounded to angular schistose 
.A granitic cobbley 
GRAVEL and slightly clayey silty SAND (Dcs) 
(With pockets of yellow brown well sorted fine medium SAND) 
2 , 14--- Base= stream level 
7) DRUMOCHTER PASS & UPPER GLEN TRUIM- SECTIONS IN DRUMOCHTER LODGE AREA 
SECTION IN HUMMOCK EAST OF DRUMMOCHTER LODGE NN63200/79565 (ZONE 8) 




.. Medium dense yellow brown poorly sorted schistose granitic 
rounded to subangular slightly silty SAND and gravelly (Dcm) AA bouldery COBBLES 
"A 
AA 
F`q L Lý. "lq 198 
DRUMOCHTER PASS & UPPER GLEN TRUIM- SECTIONS IN DRUMOCHTER LODGE AREA 
(8 )SECTION IN HUMMOCK AT CONLUENCE OF ALLTS COIRES FHAR & BEUL AN SPORAIN 
NN 62350 79130 (ZONE 11) 





























9)DRUMOCHTER PASS & UPPER GLEN TRUIM- SECTIONS IN DRUMOCHTER LODGE AREA 
SECTION IN HUMMOCK 300m NW OF BALSPORRAN COTTs NN 62620 79390 (ZONE 11) 




Medium dense dark yellow brown subrounded to subangular 
schistose granitic slightly clayey silty SAND and slightly bouldery (Dms) 
cobbley GRAVEL 
(Crude imbrication of clasts at 35° and slight stratification in surfac 
zone) 
Dense grey brown subrounded to subangular schistose granitic silty 
SAND and slightly bouldery GRAVEL 
silty 
Medium dense yellow brown angular to subangular schistose (DcrrVGm) granitic silty SAND and cobbley GRAVEL 
fl (SAND becoming more abundant below 3.5m) 
5 
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Figure 4.20 A9 Cutting site: cluster tree of the relative similarities of the 
trial pit sediment descriptions 
ABC D1D2D3D2D1K EFGHIJ 
-- ------- - -- -- 
222111122232333222111111 
190247497553466753828021931362108 
0.000 IIIIIIIIII -+- IIIIIIIIIIIIIIIIIIIII 
0.000 IIIIIIII I--+- IIII I_I IIIIIIIIIIIIIII 
0.000 IIIIIII I---+- IIIIIIIIIIIIIIIIIIIII 
0.000 IIIIII I----+- IIIIIIIIIIIIIIIIIIIII 
0.000 IIIIIIII 111111111111111111- + -I 
0.000 I I-+- IIIIIIIIIIIIIIIIIIIIIIII 
0.000 IIIIIIIIIIIIIII -+- IIIIIIIIII 
0.000 I1IIIIIIIIIIIII -+-- IIIIIIIII 
0.045 IIIII ------- 
0.170 
IIIIIIIIIIIII 
II -+-- IIIIIIIIIIIIIIIIIIII 
0.588 IIIIIII I-+- IIIIIIIIIIIII 
0.613 IIIIIIIIIIIII -+- IIIIIII 
0.637 IIIIIIIIIIIIII -+- IIIII 
0.818 III ------+- IIIIIIIIIIIIIII 
0.841 IIIIIIII I-+- IIIIIIII 
0.937 IIIIIIIIIIIIII I--+- I 
1.258 IIIIII --+- IIIIIIIII 
1.336 II -------+--- IIIIIIIIIIII 
1.394 IIIIII --+- IIIIIII 
1.492 -+- IIIIIIIIIIII 
1.529 IIII ---+--- IIIIIII 
1.604 II -+- IIIIIIII 
1.662 IIII --+--- IIIII 
1.783 II ------+-- IIIIII 
1.987 III --+----- IIII 
2.310 ----------+-- IIIIII 
2.835 --------+------------ IIIII 
3.092 -------+-------------------- IIII 
3.452 II ---+- I 
3.991 -+--------------------------- II 
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Figure 4.24 A9 Cutting study site: Particle size curves for the 
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Figure 4.25 A9 Cutting study site: exposures 1,2 and 3 with clast fabrics 
DRUMMOCHTER PASS & UPPER GLEN TRUIM- A9 CUTTING SECTION 
SECTION IN CUTTING Si AT SITE OF BH'S 6 &15 NN 626$O/aaz82 
(m) Particle size 
3 
` Dense yellow brown subangular to subrounded 
". schistose granitic silty 
SAND and cobbley GRAVEL 
(Dcrn/s) 
11- 
A f- Base. 4.5m above road level 
280 
W 




DRUMMOCHTER PASS & UPPER GLEN TRUIM- A9 CUTTING SECTION 
SECTION UNDER THE CREST OF SMALL HUMMOCK NN (P2-&(-4/-4v3%; 
(m) Particle size 
ai f-2m below crest of hummock 
3 
.A Dense red brown subangular to subrounded schistose 







DRUMMOCHTER PASS & UPPER GLEN TRUIM- A9 CUTTING SECTION 
SECTION IN CUTTING S3 AT CHAINAGE 1600 NN 612V It/v q q5 
(m) Particle size 
ChShSaGrCoB 
AA 
AA Dense yellow brown subangular to subrounded 30 
schistose granitic SAND and cobbley GRAVEL 
"A (Dcm) 
































1-5 6-10 11- 16- 21- 26- 31- 36- 41- 46- 51- 56- 61- 66- 71- 76- 81- 86- 
15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 
ANGLE OF DIP OF CLASTS (0) 
Elmira d 97 AO ruuinn cire" 1, iýý..... ý... 1... .. iýýý ai.. e r 
9 











1-5 6-10 11- 16- 21- 26- 31- 36- 41- 46- 51- 56- 61- 66- 71- 76- 81- 86- 
15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 
ANGLE OF DIP OF CLASTS (°) ,-. I 
10 Figure 4.27 A9 Cutting site: histogram for clast dips 
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NE OF ABERCYNON 
5.1. INTRODUCTION 
This chapter covers work on a2 sites in the Taff Valley, S. Wales (for location see figure 
5.1). The study section of the valley lies NE of Abercynon, covered by National Grid squares 
ST0895 and 0995, where the River Taff is incised into the South Wales Coalfield plateau. This 
part of the valley lies in a, relatively non-industrialised interlude between the mining activities and 
housing at Aberfan and Abercynon, and has been relatively undisturbed except for the 
construction of various transport routes between Merthyr Tydfil and Cardiff. j 
The information on the drift sediments and Iandforms of this area Is derived from 3 main 
sources (detailed in Appendix A): - 
1) Taff Valley Trunk Road (Phase 4) site Investigation reports carried out by Soil Mechanics Ltd 
in 1974 and Ground Investigation Ltd in 1981; 
2) Stereo aerial photography flown by Clyde Surveys in connection with 1) above, field checked; 
3) Logging and sampling of the sediments directly at all available exposures, heighted either by 
leveling or from the engineering drawings obtained from 1) above. 
5.2. PHYSICAL BACKGROUND OF THE STUDY AREA 
The rocks of the South Wales Coalfield were originally laid down 290 million years ago in a 
delta swamp environment within a regionally subsiding basin, and belong to the-Upper 
Carboniferous Coal Measures (see figure 5.2). The deposits consist of sandstones, mudstones 
and coals, often in cyclic sequences, and vary laterally in sedimentology, as across a modern day 
swamp. These sediments were first uplifted in the Hercynian Orogeny (c. 280 million years ago) 
with a minimum of folding into a shallow east-west syncline, and not further structurally altered 
until the Tertiary (Anderton et al. 1979). In the Tertiary Alpine Orogeny the area was extensively 
faulted and tilted slightly towards the south, with the cessation of activity by the Pliocene. In the 
area under consideration in the Taff valley the dominant bedrock lithologies are the Brithdir and 
Hughes beds. of the Pennant Measures (Upper Coal Measures, see figure 5.2). which are 
resistant well-bedded sandstones, with a few interbedded mudstones and coals, and in general 
horizontally bedded. 
The South Wales CoaKield is a dissected plateau, slightly tilted to the SE, which extends 
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to an altitude of 600m in the north, with clear structural control of topography from the horizontal 
strata. Brown (1960) suggested a planation origin for this feature and proposed several surfaces 
of different ages, since it can be seen that the surface of the plateau cuts across a number of 
structural features. Woodland and Evans (1964) in the Geological Memoir for Pontypridd and 
Maestdg, whilst agreeing that some form of planation was responsible for the plateau, suggest 
that only one surface is present and that this has been warped during subsequent irregular 
uplift. 
Drainage is incised into the plateau up to 300m in places, and Is broadly developed down 
the regional dip slope which formed during uplift. Thus in the area under study the Taff, Cynon 
and Bargoed Taff all flow towards the SE in accord with the dip, in places possibly affected by the 
development of large scale faulting, such as the Kilkenny Fault which runs down part of the Taff 
Valley. Many of these rivers, which were probably originally structural 'consequents', now rise on 
the high ground of the Old Red Sandstone (such as the Brecon Beacons), flow across the 
Carboniferous Limestone and Millstone Grit and onto the Coal Measures, where the valleys 
become progressively narrower as they reach the more resistant Pennant Measure lithologies 
(Sparks 1972). 
5.2.3 LATE QUATERNARY HISTORY 
The obvious structural control on the coalfield described above means that this area has 
probably not been extensively altered by Quaternary glaciations (Bowen 1970). Since, the 
South Wales Coalfield is unlikely to have been a, major ice centre (compared, with the Brecon 
Beacons), then erosion is also unlikely to have been powerful enough to cause major landscape 
changes such as breaching of drainage, and no changes of this kind can be seen. 
The first insight into the Quaternary glacial history of the Coalfield came with the work by 
David (1883), who was the first to realise that there were distinct erratic provinces in South Wales 
(figure 5.1). He divided the drift sediments of the area into 2 main suites by their erratic content. 
Firstly the Brecknock Drift, which was composed of clasts primarily from the Old Red Sandstone, 
but also from the Carboniferous Limestone and the Millstone Grit, mixed with some Pennant 
Measures Sandstone when found in the Coalfield. Secondly the Glamorganshire Drift which was 
composed exclusively of Pennant Measures Sandstone, and confined to the central Coalfield 
area of the Rhondda Valleys., This was taken as an indication that little or no ice rising on the Old 
Red Sandstone escarpment had penetrated into the Rhonddas, and therefore that this area 
must have supported its own small ice cap. Elsewhere, notably in the Taff Valley the Brecknock 
Drift had clearly been distributed within the Coalfield by glaciers flowing through the area to the 
Bristol Channel. 
Little is known of the detailed chronology of the Late Quaternary from the Coalfield itself, 
but from an end moraine complex in the Cardiff area it is known that the maximum limit of the 
Dimlington Stadial ice (Rose 1985) stood beyond the Coalfield (Bowen 1970; Lewis 1970). 
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There are some recessional moraines in the Coalfield valleys such as at Nantgarw in the Taff as 
mapped by Anderson (1974), but they are all undated making a reconstruction of the 
deglaciation difficult within the Coalfield. During the Loch Lomond Stadial small valley glaciers 
and snow patches developed in carries and embayments along the Brecon; Beacons 
escarpment (Ellis-Gruffydd 1977). 1. 
5.2.4 GLACIAL LANDSCAPE MODIFICATION 
It is clear. from an extensive survey and drilling operation by Anderson (1974) that the 
rockhead long-profiles of the Coalfield valleys are extremely irregular, unlike their modern 
sediment floored graded form. Thus both rock bars'and rock basins are extensively developed 
in the valleys, features typical of glacial troughs. AI-Saadi and Brooks (1973) in another survey 
both on and offshore in Swansea Bay showed how there is a strong association between the 
high strength `of the rockhead lithology and the development of rock bars and vice versa. This 
pattern may be explained by Nye's (1959) theory which suggested that compressional ice flow 
occurred at resistant obstacles followed by rapid extending flow (and hence more erosion) In 
adjacent softer rock areas; ' leading to basin formation. This pattern is repeated in the 
development of other South Wales valleys Including the Taff. 
Further evidence of the modification of the Coalfield valleys by ice is seen In their, U- 
shaped form, although this feature is partly lithologically controlled. Thus glacial abrasion and 
frost shattering of the weathered valley sides leads to a cycle of the preferential erosion of the 
mudstones and coals of the cyclical sequence followed by the collapse of the resistant overlying 
sandstones. This leads to oversteepening of the valley sides with much of the debris being 
transferred into the glacial system. 
Note finally that within the study area the Taff makes a very tight meander around Quakers 
Yard incised into the Upper Pennant sandstones up to 35-40m in places. Between Edwardsville 
and Quakers Yard the river runs in a steep sided gorge: it was suggested by Lewis (1983) that 
this was a postglacial escape of the Taff flow into the drainage of the Bargoed Taff after the Taff 
had previously flowed through a col across the neck of the incised meander. Lewis (1983) 
suggested that the terraces south of Edwardsville were responses to the rejuvenation of the 
Taff as it encountered the softer shales of the sequence cutting down through the gorge. 
5.3. LANDFORMS OF THE TAFF VALLEY STUDY AREA 
5.3.1 INTRODUCTION, ,... _ 
Unusually for a South Wales Valley the landforms of the section between Aberfan and 
A6ercynon (figure 5.3) have been relatively` little disturbed by economic activities, with much of 
the area still farmed. The construction of a new road however has generated a considerable 
amount of new information on the landforms of this stretch of the Taff, especially In the complete 
coverage of the study section by aerial photography. 
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The study of this section of the Taff Valley (figure 5.4) landforms is concerned primarily to 
investigate the landform-sediment relationships of a valley which acted as an outlet corridor for 
an inland ice cap, and clearly carried considerable quantities of sediment. This part of the Taff 
Valley also has a "double-concave" cross profile with the Taff flowing in an incision in the valley 
bottom: this can be explained as a kame terrace sequence or an Incised valley floor, a question 
which is not addressed in Eyles (1983b) glaciated valley model. 
5.3.2 THE LANDFORMS OF THE NE ABERCYNON AREA 
5.3.2.1 Previous Work 
The earliest work to mention the landforms of this area was that of the Geological Survey, 
with the Memoir for Sheet 249 'The country around Newport' covering this area (Strahan 1899). 
This makes few observations specifically on the landforms of this area, but this and later editions 
(Squirrell and Downing 1969) note that the Taff had incised into the drift sediments in the valley 
bottom to produce unmatched flanking terraces. In reference to the NE Abercynon area they 
also suggest that 'boulder clay' has only accumulated in the "lee" (down Ice) of high ground in 
this area. This observation may be directly linked to the discovery by Anderson (1974) that there 
is a rock basin developed immediately down valley from Abercynon, suggesting Mynydd Goitre 
Coed represents a rock bar in the local long profile of the Taff. The survival of Mynydd Goitre 
Coed as a ridge is clearly linked in part to its composition of resistant and massive Pennant 
Measures Sandstone of the Hughes Beds. 
Recent discussions of the landforms of this area are to be found In the reports of the Taff 
Valley Trunk Road (Phase 4) site investigation contracts by Soil Mechanics Ltd In 1974. The 
engineers in commenting on the landforms of this area south of the Quakers Yard incised 
meander, use a standard model of glacial valley sediments and interpret the benches on either 
side of the Taff simply as kame terraces, with some marginal modification by solifluction lobes. 
This approach was developed further in the work by Fookes et al. (1975) who, in discussing this 
site investigation work In the Taff Valley, propose that the benches flanking the Taff developed 
as a result of ice marginal drainage with solifluction modification. 
Lewis(1983) in his thesis on 'The engineering properties of the glacial tills of the Taff 
Valley' concentrated on 3 sites at Taffs Well, Nantgarw and Aberfan and only made limited 
observations on the NE Abercynon area. He interpreted the NW bench at Goitre Coed as a 
medial moraine made up of a coarse clast dominated diamict tapering down valley, with the low 
'terrace' features at the slope foot considered to be lateral moraine originating as talus from the 
valley side. 
5.3.22 Procedures of landform mapping 
The whole of the study area was mapped initially by the interpretation of 1: 2500 
stereoscopic aerial photo coverage flown before the road was constructed, later being field 
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checked (figure 5.5). Some leveling was also carried out to supplement the information gained 
from the detailed contractors contour maps (contour interval 1-2m) at scales of 1: 1250 and 
1: 2500 in order to height the natural exposures. Full details of the procedures are given in 
section 2.4.2.1. 
yi. 
5.3.3 LANDFORM MAPS OF THE BRIDGE J AND GOITRE COED STUDY SITES 
In commenting on the map (figure 5.5), the first feature to note is the distribution of the 
'rock-at-the-surface' area delimited down slope by a green line. This Is restricted to the 
interfluves and the upper slopes of the typical 'double-concave' valley cross section, which form 
the sides of a 500m wide bedrock trough at Goitre Coed, with. rock only seeming to outcrop 
across the trend of the main valley axis in the Quakers Yard incised meander area to the north. 
However, rock can also be seen in the bed of the river at several points, suggesting that the floor 
of this trough lies approximately at river level. Note also that the eastern valley side is broken by 
the entry of a small side valley called Nant Mafon, which is a sharp V-shaped incision aligned 
south-easterly with the trend of the main Taff Valley above the Quakers Yard incised meander. 
This may have been a pre-glacial route of the Taff drainage to the Rhymney basin, but Its role 
during glaciation is unclear. The rock slopes appear to swing into the valley sharply, showing no 
signs of glacial overwidening or deepening, however it may have functioned as a high level melt 
water overflow to the Rhymney Basin, with its highest point only at 150m Ordnance Datum near 
Nelson to the SE. 
The specific morphology of the 'rock' area is clearly strongly related to the bedrock 
lithology with the steepest slopes being massive Pennant Measures Sandstone cuffing, often at 
the edges of the interfluve. Usually only thinly covered by sediments, the 'rock' area shows most 
breaks of slope (all sharply defined) as running along the contours, presumably also being 
related to the horizontal outcrop of the Pennant Measures Sandstones. However note that at 1 
on figure 5.5 there is a strongly developed 'buttress' which juts out south-east into the sediment 
covered area, and acts as a pivot for slope aspect. 
The 'sediment-at-the-surface' area occupies a wide zone between the steep side of the 
bedrock trough, morphologically being made up of 2 roughly flat but unmatched benches either 
side, of a steep sided ravine containing the Taff. Since this ravine contains some narrow but 
distinctly developed terraces at the site of Bridge 1 this feature may have been cut by the 
postglacial Taff incising into a previously (glacially) developed valley floor, now represented by 
the two benches (plate 5.1). There is a marked asymmetry in the course of the river, and 
therefore in the development of the benches, in the area between Quakers'Yard and 
Abercynon with the NW bench being widest over most of this stretch of the valley. Since the 
Incision is very narrow throughout and the benches appear for the most part unbevelled fiuvially, 
it is considered that the initiation of the downcutting was rapid. If ice wastage was accompanied 
by extensive in situ stagnation, the main melt stream may have rapidly evolved from an ice, 
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marginal channel on the valley side, accounting for the Taff's positioning on the extreme eastern 
valley side. Development of ice drainage on this side of the valley may also have resulted from 
the upstream collection of the Bargoed Taff drainage from the north-east at Quakers Yard. 
The only part of the SE valley side bench to attain any width lies directly opposite the end 
of the Cynon Valley, where the Taff moves out into the valley centre at the confluence. At this 
point it is a well defined feature being delineated at both its inner and outer edges by sharp 
breaks of slope.. There is some uneven sloping ground at the inner edge of the feature 
suggesting that this may be slope material, having accumulated from the steep upper slopes 
running down from Mynydd Eglwsian to the SE. The ground actually slopes away from the edge 
of the bench towards a poorly developed depression running WSW along the long axis of the 
feature (2 on figure 5.5) : this may be the remnants of a weakly developed channel, perhaps ice 
marginal, accounting for the slope of the whole feature towards the valley sides. 
The NW bench (plate 5.2) has 2 distinct parts north and south, divided roughly by the 
small spoil tip (3 on figure 5.5). The north part of the bench has a simple surface topography 
(although partly obscured by the railway), with a hummocky surface but, no marked relief, 
eventually pinching out at the point where the railway cuts the neck of the Quakers Yard Incised 
meander. It makes a sharp boundary with the upper slopes with only a narrow zone of small 
terraces and lobes at the foot of the upper slopes. Similarly it falls off steeply to the river where it 
is extensively gullied. 
However south of a line between the buttress at 1 and the site of Bridge 5 at 5 on figure 
5.5 the bench begins to attain a greater relief on the northern edge of Abercynon. In particular 
there is a large complex ridge (3 on figure 5.5) which has a steep slope to the north but falls 
gently to the SW in a series of wide steps to the level of the modem flood plain over a distance of 
500m. It is separated from the upper valley slopes by a narrow corridor of bench continuous to 
the northern area (perhaps a meltwater route), falling from the north to south. This ridge Is_ 
considered to be a morainic feature due to its complex morphology, the sediments probably 
accumulating in the zone between the confluent Taff and Cynon valley ice masses where there 
was considerable dumping of material In lateral transport.. The area of this bench nearest the 
Cynon is sloping gently in that direction and is continuous with a narrow fringing accumulation of 
sediments running down the Cynon Valley. This feature has been laterally eroded by the, 
Cynon, as can be seen from the steep sided edge of the NW bench falling to river level at its SW 
end. 
Finally, note that the modern River Taff has cut sharply through the whole accumulation of 
sediments, leaving little evidence of previous activity on the NW bench., A small flood plain has 
developed in the base of the incision along with some low terraces (4 on figure 5.5) indicating 
that downcutting has been interrupted. 
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5.4. SEDIMENTS OF THE TAFF VALLEY STUDY AREA 
5.4.1 INTRODUCTION 
The sediments of the Taff Valley to the NE of Abercynon have been studied In this Work 
by the analysis of detailed borehole logging, field section logging and sample laboratory testing 
for 2 sites (figure 5.4). The main part of the sediment data is derived from the borehole logs of 
site investigation contractors to the new Taff Valley Trunk Road (Phase 4), representing a large 
data source with more than 60 boreholes and trial pits In the study area. The following work Is 
concentrated on the main clusterings of this data in sites of importance to construction such as 
the structure at Bridge 1 and the roundabout at Goitre Coed. 
5.4.2 PREVIOUS WORK 
The first work on the sediments of this area was carried out by the-Geological Survey in 
their early mapping for the one inch series and published in the accompanying memoirs. Most of 
the area falls into the Newport sheet (249) and was first covered by Strahan 1899. He noted that 
the sediments in the area around Quakers Yard contained exotic clasts of Old Red Sandstone, 
Carboniferous Limestone and Millstone Grit and were mainly "gravelly till". The railway cutting 
through the NW bench at Goitre Coed was examined and considered to be boulder clay, also 
containing an exotic set of clast lithologies. General comments on the parts of the Taff valley 
covered by the 3rd edition of the Pontypridd and Maestdg memoir (sheet 248, Woodland and 
Evans 1964) suggested'that most of the valley has been trenched to bedrock by the postglacial 
erosion of the Taff leaving benches either side of the river. 
The site investigations for the new A470(T) road included an interpretive report in 1974 
on the local drift and solid geology. This work defined several types of sediments present in the 
Taff between Abercynon and Aberfan: alluvial sUIL sands an gravels; glacial gravels (dense 
grey silty sand and cobbley bouldery gravel); liff (stiff grey brown sandy silty clay and cobbley 
slightly bouldery gravel); and, local till (stiff grey sandy very silty clay and cobbley gravel). The 
'glacial gravels' are associated with what are identified as kame terraces between Merthyr Vale 
and Abercynon, whereas the 'till' is considered generally to thicken off the slope into the valley, 
and was described as fissured . The 'local till' is restricted in distribution to near Aberfan in the 
valley bottom, and is considered to be the erosional derivative of the siltstone bedrock of this 
area. Specific observations made in the report include the report that the rock cut across the 
neck of the incised meander contains a buried channel, which it suggests was excavated by - 
glacial meftwaters. , 
The detailed work of consultants on this engineering site investigation was also published 
by Fookes et al. (1975) summarising the material properties of the 3 most common materials 
defined and identified in the contract study viz. colluvium; kame terrace and other fluvioglacial 
sands and gravels; and, till. These material were distributed according to a model of the 
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evolution of the Taff during deglaciation described above in section 5.3.2.1. 
Colluvium was considered to be postglacial slope wash, hill creep and other disturbed 
material overlying all other materials and thickening down the slope. Mean properties were: 
Standard penetration test: 'N'=37 
Particle size distribution: boulders & cobbles=20%, gravel=23%, sand=29%, silt and clay=28% 
Natural moisture content: 22.3% 
Shear strength: o=35.2° 
Plasticity: 14.9% 
The kame terrace deposits were described as a composite group Including fluvioglacial 
sands and gravel. Mean properties were: 
Standard penetration test: 'N'=55 
Particle size distribution: boulders & cobbles=24%, gravel=36%, sand=24%, silt and clay=l6% 
Natural moisture content: 13.5% 
Shear strength: 0=36.6° 
Plasticity: 7.3% 
The till was described as a composite material including both melt and and lodgement tills. 
Mean properties were: 
Standard penetration test: 'N'=48 
Particle size distribution: boulders & cobbles=25%, gravel=31%, sand=22%, silt and clay=21% 
Natural moisture content: 12.9% 
Shear strength: m=34.6° 
Plasticity: 10.3% 
Note however that these measures were collected for 2 separate parts of the site 
investigation and for both boreholes and trial pits: the values were compared for the 2 sets of 
observations and significance tested using the students "t" test. The comparisons for plastic 
limits showed that the differences were either not statistically significant or significant at a high 
level (10% or above) for all the sediment types between both of the observation sets. The same 
procedure carded out for the particle size components also showed a poor discrimination for the 
2 observation sets for the 4 particle size components given above, although the results for the 
kame terrace deposits were frequently better. This would seem to indicate that the defined 
categories do not efficiently divide the various sediments in the Taff Valley. 
A more recent study of the glacigenic sediments was carried out by Lewis (198J) as part of 
a thesis on the engineering properties of the glacial materials in the Taff Valley. Lewis divided 
the sediments found in the Taff valley on sedimentological and geotechnical grounds Into 
lodgement, melt-out, fluvioglacial and head deposits. In a study of 4 main areas in the Taff he 
found that the texture of the lodgement tills was strongly related to the underlying bedrock 
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texture: thus in areas like the current study area where arenaceous units of the Pennant 
Sandstone Hughes and Brithdir Beds predominate, the lodgement till was found to be coarser 
and more clast dominated. The lodgement till was described by Lewis as predominantly a hard 
grey cobbley silty clay and gravel with subrounded to angular grey/red sandstone and limestone 
clasts, typically 3-5m thick In the areas with arenaceous bedrock and with a strong clast fabric 
parallel to the valley long axis. 
By contrast, the melt-out till he described as a 'brown silty sand and gravel with clusters of 
larger subrounded to subangular clasts of grey/red sandstone and limestone'. Fluvioglaclal 
sediments were in the main well sorted bedded sandy gravel, but included local silts. Head 
deposits were composed of loose or medium dense angular to subrounded silty sand and 
cobbley gravel, and showed clast fabrics strongly related to local slope. 
Although not in one of his study areas Lewis (1983) noted that there appeared to be a 
ridge of materials tapering to the confluence of the Taff and the Cynon composed of "coarse 
clast dominated till", and that low terraces forming below the upper slopes in this area were 
composed of "angular to subangular clasts with sandstone of local material" which he suggested 
had originated as talus on the valley side. 
5.4.3 SEDIMENTS IN THE SITE INVESTIGATION DATA (BRIDGE 1 STUDY 
SITE) 
Since a large structure was required to carry the new road across the Taff to the north east 
of Abercynon, a number of boreholes and trial pits were excavated here both Initially in the Soil 
Mechanics contract in 1974, and subsequently in the Ground Investigation contract in 1981. 
The various holes are clustered in 3 lines totaling 21 in all, and form a transect across the Taff 
50m wide and 200m long (see figure 5.6). The section takes in the surface of the benches on 
both sides of the river, the steep sides of the river incision trench and the narrow flood plain. 
The sediments recovered from the boreholes and trial pits were described using the 
CP2001 (1957) code for the Soil Mechanics contract, however, since some ambiguity arose for 
certain description formats, procedures were developed to standardise these descriptions by 
checking the corresponding particle size curves and trial pit descriptions. Thus the following 
types of poor terminology were encountered: 
Type 1 [modifiers, MAIN PARTICLE SIZE] + [modifiers, main particle size]; 
eg. clayey silty SAND with frequent cobbley gravel. 
This was found to be indicative that the second main particle size was an approximately equal 
contributor to the sediment, however forming a matrix supported material when seen in trial pits. 
Typt [modifiers, MAIN PARTICLE SIZE] + [modifiers, main particle size]x 2 or more; 
eg. cobbley GRAVEL with a matrix of silt and sand. 
The description of a matrix in this fashion was found to indicate that the particle sizes named with 
the matrix were generally of the status of modifiers. 
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[modifiers, MAIN PARTICLE SIZE] + [modifiers, MAIN PARTICLE SIZE]x 2 or more 
eg. silty SAND and GRAVEL, COBBLES and BOULDERS. 
This pattern only occurs in this form: the gravel particle size Is generally found to be a second 
main particle size in the sediment. The other particle sizes are made into modifiers (eg cobbley). 
These standardisation procedures were applied to a limited number cases in the original data, 
ad. were used in the context of particle size information wherever possible. 
Some supplementary data was collected by Ground Engineering for the Consulting 
Engineers. in a report of 1981, concerning a few specific areas including the Bridge 1 and Goitre 
Coed study areas. Reflecting the more recent publication of the report, this contract utilises a 
scheme of sediment description in line with the recommendations of BS5930(1981), and as 
such the terminology used is standard requiring little further attention before storage. A note is 
included in the Ground Investigation reports on sample description, outlining the use of terms 
for the secondary particle size modifiers and for the use of the term'matrix of... ' (when used this 
means the matrix accounts for 25-40% of the sediment). 
5.4.3.1 Denth of drift and rockhead location 
Plotting the boreholes and trial pits on 3 parallel sections across the Taff at the Bridge 1 
site (figure 5.6) shows that the sediments of this part of the Taff are very thick in places- up to 
31.5m in borehole 303, which is bored from the top of the NW bench. The thickness Is however, 
very variable and appears to be strongly controlled by the marked bedrock relief. The bedrock in 
this area is mostly Pennant Measures sandstone (Hughes beds) with occasional siltstones, part 
of the Upper Coal Measures. 
It is noticeable that on all 3 sections the bedrock rises steeply from the level of the river on 
the SE side, roughly in sympathy with the ground surface before either leveling off (or the rate of 
climb slows) above 90m Ordnance Datum. Only 50m upstream of borehole 9 on this section, 
during the construction of a trunk sewer, an ancient river cliff in bedrock was exposed (stated in 
the Soil Mechanics 1974 report Vol. 1, page 11), which demonstrates that rockhead is close to 
the surface along the east side of the river albeit at a variable height. Field observation and 
landform mapping 500m upstream of this section also show that there are no drift sediments on 
the eastern valley side at all, and that the steep bedrock slopes of the upper valley sides fall 
directly to river level, being slightly oversteepened at the base. Note therefore that along the 
long profile of the valley, the bench on the east side appears to wedge out upstream. 
However on the NW side of the river the rockhead profile appears to remain flat under at 
least the first 100m of the bench along the road centreline (figure 5.7). After that there Is no data 
for rockhead level moving north in this direction until the southernmost boreholes of the Goitre 
Coed area 400m away which show rockhead failing gently towards the site of Bridge 1. Clearly, 
rockhead falls steeply at some point between these Goitre Coed boreholes and Bridge 1. The 
north side of a buried trough is probably lying under the bench on the NW side of the valley, but 
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the exact position of this feature cannot be placed with any certainty. It can therefore be 
suggested that the sediments making up the benches on either side of the Taff are In fact 
remnants of a former valley floor (of glacial origin), which has been incised by the Taff to bedrock 
at a depth of 20-30m. .' 
5.4.3.2 Sediment grouping using the borehole descriptions 
In order to investigate the spatial patterns of facies described from boreholes In the 
sediments, the technique of objective strata grouping described In chapter 2 was carried out. 
Thus, once the borehole strata descriptions for the Bridge 1 site were stored In the GEOSHARE 
database, coded and converted to formatted sediment parameter rows, the resultant matrix was 
correlated using the cosine theta coefficient. Note that for this data 12 parameters were 
available viz. density, clast shape, hue, grey shade, sandstone lithology present, and non- 
sandstone lithology present in addition to the 6 main particle size groups. 
In the case of the Bridge 1 84x84 matrix of intercorretations, astandard Q-mode factor 
analysis was carried out on the array, which produced an 8 factor model with eigenvalues >1 
which explained 97% of the variance In the data. After factor analysis the loadings were 
submitted to "a standard cluster analysis of cases to group the sediment parameter rows 
together. The cluster tree shown in figure 5.8 gives the groupings of the original strata 
numbered from 1-84 In a hierarchical similarity structure for the sediments described In the 
Bridge 1 area. In the Bridge 1 case a robust structure emerges after clustering, with only 15% of 
the sediments not being directly grouped by this analysis. 
Figure 5.8 shows the outcome of the cluster analysis In the form of a dendrogram or 
cluster tree, drawn with its base at the top with the numbers referring to the original strata 
numbers. Initially the tree was subdivided into significant groups of 6- 8 strata discrete at 
coefficients of difference between 4.0 and 5.0 without any knowledge of the sediment 
descriptions. In all 8 main groups were formed (A-H), with the largely unclustered section on the 
right of the tree being tentatively divided into another 4 groups (I, X, Y, Z). - 
Next the sedimentological characteristics of the group were examined to determine the 
internal consistency of the groups, the scope for marginal reallocation of sediments to new 
groups, and any inter-group similarities so that exploratory facies could be defined for detailed 
analysis. 
Group A 
This group has a clear identity in the cluster tree and is always composed of sand and gravel main 
particle sizes, with sift, cobbles and occasionally clay secondary particle size components. Some 
sediments were described as having rounded to subrounded clasts, and there were no angular 
clasts. 
This group is very similar in particle size terms to group A, with sand and gravel main particle sizes 
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and both finer and coarser modifiers, but no other common non-particle size characteristic. As 
with group A the fines content seems to be mainly silt, representing a small proportion of the 
sediment. 
Group C 
This group has main particle sizes of sand and cobbles, with both gravel and (very slight) fines 
modifiers, with few other common diagnostic features. Note that this group has a 'core' and 
'periphery' structure, with the peripheral items being added at successive short distances up the 
hierarchy, at first into a structure over-arching group B, and then Into the core group. 
Group D 
This group has a distinct structure extending high up in the cluster tree, well separated from all 
its neighbours. Its clast lithological characteristics are the dominant ones- only these sediments 
contain red sandstone erratics, although the particle size characteristics are similar to group F, 
with gravel and cobbles as the main particle sizes. 
Groups E. F. G 
These groups reflect the minor structure within a large group which is well separated from its 
neighbours in the tree. They have a range of particle sizes, but are distinct from earlier groups by 
their much greater fines content, with in some cases clay being one of the main particle sizes. 
They appear to be very poorly sorted materials, and have a tendency to be angular to subangular 
in shape. Note that some, of group G have only a few fines and may form a transitional sub-group. 
Group HL 
A silty SAND and gravelly COBBLES from borehole 5101 only, this sediment appears to be 
similar to the sediments in group C, apart from its grey colour and a slightly lower density. 
Group 
This is a tentative grouping of some relatively mathematically dissimilar sediments, which are' very 
poorly sorted and have main particle sizes of clay and sand/gravel, and are similar to "the 
sediments of the E, F, G group. 
Group X"Y"Z 
Very few of these sediments were grouped In the cluster tree, however some distinct 
characteristics emerge upon closer inspection. Thus group Y sediments are found to all be thin 
strata from the base of borehole 303, occurring within sediments from the E, F, G group., A 
number of the X and Z sediments have lower density than almost all the sediments In the other 
groups, and also appear to be the uppermost strata in their boreholes of origin, a feature also 
common to some of the sediments from group I. The remaining sediments are those with short 
descriptions containing only a few described parameters, or Individual variations from the 
patterns of individual groups, too mathematically different to be automatically Included with the 
appropriate groups. 
Once these groups had been finalised, it was possible to rationalise several groups and to 
assign the ungrouped sediments (full borehole descriptions in figure 5.9). Thus, groups C and 
H were merged on the basis of having extremely similar particle size characteristics. Groups I and 
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X, Z were both merged on the grounds of density and near surface location to form a "colluvium" 
group found near the surface of a number of boreholes. 
ý 
ý 
Thus the remaining ungrouped,. and some grouped but sedimentologically marginal 
sediments, were allocated to the group with the most similar particle size distribution and non- 
particle size properties. Marginal moves were only made In the following specific circumstances: 
group G to A (strong particle size similarity), and group A to D (red sandstone erratic presence), 
where the geological grounds for making the moves were strong. The ungrouped sediments 
left from X, Z were allocated to groups A and E, F, G as appropriate. Thus the final groupings to 
form'cluster facies' were (I, X, Z); (A, B); (C, H); (E, F, G); and (D). 
5.4.3.3 The characteristics of the borehole strata facles 
Fades (A, B) has a mean particle size of coarse sand/fine gravel (+1a to -1.5o); and a poor 
sorting of between 3.5 and 4.00, with the particle size curves (figure 5.10) showing that the 
distributions are bimodal with peaks at approximately -3 to -4a and +3 to +4o. A co. plot of sorting 
and mean size (see figure 5.11) shows the fades (A, B) results to lie in a distinct zone away from 
the other results at the study site. Lewis (1983) in a thesis on the engineering properties of the 
glacial tills of the Taff Valley presented a co-plot of sorting against mean for all sediments: the 
facies (A, B) results lie in a zone transitional between head and poorly sorted melt out till. 
Inspection of a plasticity plot (figure 5.12) for these sediments would, however, suggest that this 
material was a sandy melt out till when compared with the plasticity results of Lewis (1983), as 
might be expected when considering the low fines content of the sediments. 
Facies (C, H) has a distinctly coarser particle size distribution with means of between -20 
and -6s, but with lower sorting coefficients (figures 5.10 and 5.11). The co-plot of mean against 
sorting (figure 5.11) shows that fluvioglacial gravels generally plot in this zone, as in Lewis (1983) 
data. Only one plasticity is available for facies (C, H) (figure 5.12), and this result (of all the tests 
carried out at this site) plots the nearest to the origin (figure 13); no doubt these sediments were 
often not tested as they were demonstrably non-plastic. 
Unfortunately the other facies have little test data to examine, partly because facies 
(E, F, G) is found relatively deep in the sequence beyond cable percussion boring, and because 
facies (D) was extremely dense and needed to be rotary core drilled. Facies (E, F, G) has only one 
particle size curves (figure 5.10), however, the sediment description evidence of this 'gravel 
/cobbles and clay' material remains strong, as it Is clearly identified in several boreholes. Note 
that the sediment plots on the edge of the facies (A, B) group in both the mean against sorting 
co-plot (figure 5.11) and the plasticity plot (figure 5.12). 
Facies (D) with its unique component of red sandstone erratics and high density however 
has a more distinct identity. It has a higher fines content than either facies (A, B) or (C, H) (figure 
5.10), with an average particle size intermediate between them, -and is very poorly sorted. In 
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plasticity terms this material (with only one reported test figure 5.12) shows a distinct difference 
from the other facies with its high liquid limit, a plot location reminiscent of lodgement till (Boulton 
and Paul 1976; Lewis 1983). Unlike the other sediments this sediment has not been seen at 
this study site, but a similar very dense clay-rich erratic charged diamict is known from an 
exposure in this study area (figure 5.29). 
5.4.3.4 Spatial distribution of identified fades 
Plotting up the top and bottom heights of the various facies from the spatial database 
(figure 5.9) shows an interesting pattern for a central section across the Taff at the site of Bridge 
1, with the various facies having both a distinct height range and a strong relationship to the Taff 
incision. 
Facies (I, X, Z) which is slope material or weathered In-situ sediment, only appears near the 
surface, rarely thicker than 1.5m, occurring widely over the bridge crossing area (figure 5.14). 
This can be confirmed by field inspection of numerous small sections, and is perhaps 
attributable to the high angle (up to 3511) of the sides of the Taff incision. 
Similarly facies (D), possibly a lodgement till, also has a distinct location (figure 5.13,5.14), - 
and is found only in the bottom of the Taff Incision. Here it is seen to form the full width of the 
flood plain and to continue under the bench on the western side of the Taff, although the river 
has cut through it to rockhead as bed rock is seen in the bed of the river 50m downstream of 
Bridge 1. Its greater density than most of the other sediments at this site may be partly 
responsible for arresting the downward incision of the Taff and generating a little (up to 75m) 
lateral erosion to form the present flood plain and some minor terraces. 
Facies (E, F, G) is more difficult to characterise, having less test data to confirm its , 
sedimentological characteristics. Note however that it has a coherent spatial distribution morpho- 
stratigraphically inside facies (A, B) and (C, H) in relation to the gross morphology of the incision 
(see figure 5.14,5.15). It is less distinctly present on the east side of the river as all sediments 
are thinner due to the presence of rockhead near to the surface, but it is located in the same 
position. It is suggested that this Is the original material into which the Taff incised itself, perhaps 
a melt out till which was rapidly eroded, then establishing the morphological framework for the 
subsequent sedimentary architecture. 
Facies (C, H) occupies the surface of the eastern bench beside the river and runs down 
the east side of the Taff incision not lower than about 86m OD (figure 5.15). On the west side 
similarly it does not occur below 84m OD and runs steeply down the sides of the incision 
abutting the facies (E, F, G) sediments. There appears to be a notch or small terrace on both 
sides of the river in this material at the same height (approximately 95m OD) below which the 
thickening sediment appears to have been cut through vertically by the Taff. This coarse well 
sorted material is clearly associated with fluvial action in the Taff incision, either fluvioglacial, or in 
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association with the postglacial fluvial Incision of the Taff, or both. It is In either case probably 
partly the eroded remnant of a body of coarse material associated with what must have been 
considerable fiuvioglacial reworking of the Taff valley infill sediments. 
Facies (A, B), interbedded extensively with facies (C, H), and Is found on the upper slopes 
of the incision (figure 5.14). This may explain why Facies 2 plots between a head deposit and a 
melt out till in the mean against sorting co-plot as classified by Lewis (1983), developing by 
either the washing of fines from the slopes of facies (E, F, G) into a new facies (A, B), or the 
flowing (and therefore washing) of melt out till. -. ,, 
5.4.4 SEDIMENTS IN THE SITE INVESTIGATION DATA (GOITRE COED STUDY 
SITE) 
To the north of Abercynon a wide undulating bench is developed on the west side of the 
River Taff, modified through the canal and railway which cross it, along with a small crescentic 
spoil tip and some housing on its southern edge. The new A470(T) road makes a junction here 
with roads to Aberdare and to Nelson at a roundabout, which, since It was to require several 
structures, was extensively investigated along with the approach roads. In the study area 43 
holes were made in this investigation (28 boreholes and 15 trial pits) for an area approximately 
300m square. 
5.4.4.1 Depth of drift and rockhead location 
The upper valley slopes above the bench show rock close to the surface In a large 
number of mini-outcrops of the Pennant Sandstone seen in the field and on the landform maps 
(see figure 5.5), and in two sandstone quarries at ST 084957 and ST 089959. Trial pit 5502 (ST 
08873 95678) at 139.09m on these upper slopes reached rockhead at between only 1.35 and 
2.00m, showing how thin the covering of sediments is In this area. At the base of the slope it can 
be seen from the slightly deeper observed rockhead depth (boreholes 18 and 23), that some 
sediments have accumulated in this area forming some lobes and low terraces. 
At the base of the lower slopes noted above there is a relatively sharp break of, slope 
developed in places, at about 128m OD, which separates the upper predominantly bedrock 
controlled slopes, from the wide Goitre Coed bench of thicker sediments below. A contour map 
of the ground surface from borehole heights (figure 5.16) and the rockhead surface from 
borehole rock strikes (figure 5.17), show how in the northern part of this study site the rockhead 
surface dips steeply under the bench at a similar gradient to the upper slopes above the bench. 
There is then no further data on the depth of rockhead in an eastern direction from, the edge of 
this study area until borehole 5701 (within 30m horizontally of the Taff), which shows that 
rockhead has already fallen to the same altitude as the river, coupled with the fact that there is no 
visible rockhead outcrop in the eastern side of the Taff incision. It must therefore be assumed 
that rockhead falls steeply to the east under the Goitre Coed bench in this northern area, before 
flattening out below at most 100m OD to eventually reach the bed of the river at 82m OD at the 
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site of Bridge 5 (figure 5.5). Note that this situation is similar to that at Bridge 1, providing 
additional evidence that a buried rockhead trough may exist under a considerable part of this 
Goitre Coed bench. 
For the southern part of the study site a different pattern emerges reflecting In the main 
the influence of the Cynon valley confluence and the abrupt westerly track of the Taff before 
joining the Cynon. At a point ST 089 956 the upper slopes of the north part of the area swing 
abruptly WSW, whilst the steep rockhead profile continues to descend below the Goitre Coed 
bench in a south or SSW direction. This creates a gently sloping rockhead apron to the south of 
the WSW trending upper slopes, extending to the south for more than 50m and less than 300m 
(these distances are the furthest south rockhead is known for Goitre Coed and furthest north for 
Bridge t respectively). Since the ground surface also slopes gently to the SW from the southern 
edge of this study site, it must be assumed that this apron is of a limited extent. 
To summarise, it Is considered that the rockhead trough has the modern eastern valley 
slopes as one side and the other as a steep rockhead slope dipping underneath the Goitre 
Coed bench, with its floor known in the base of the river in places, and from some boreholes 
showing its level away from the river. The.. bench owes its origin to the reduced or stagnant Ice 
flow, and hence low erosion, which would have resulted in the slack flow area at the confluence 
of the Cynon and Taff Ice masses. That this area also has a relatively hummocky topography may 
indicate that some merging and dumping of debris from the ice margins may have taken place, 
which would then be slowly reworked subaerially or occasionally reincorporated into Ice flow. 
5.4.4.2 Sediment grouping using the borehole descriptions 
To classify the sediments described in the boreholes and trial pits a standard procedure 
was carried out to store, code and cluster the descriptions as described above in section 
5.4.3.2. 
Note that in establishing such a factor cluster model for the sediments, the objective is to 
develop a grouping which reflects the full range of sediments occurring spatially and through all 
heights OD in the study area, and, as such some sampling considerations arise. Thus, since few 
trial pits extend any deeper than 2m, the trial pit sediments were not submitted to the factor/ 
cluster analysis in order to counter a bias developing towards the near surface sediment facies, 
although not all of the boreholes reach rockhead (albeit at depths mostly >10m). These trial pit 
sediments are used later to test the spatial accuracy of the derived cluster facies, along with the 
particle size and consistency data. 
The factor analysis produced a factor model where 10 factors with an eigenvalue of >1 
explained 99.5% of the variance in the data set. The factors were then submitted to a cluster 
analysis to form groupings of sediments based on the similarity of their factor loadings. The 
cluster tree shown in figure 5.18 shows the hierarchy of similarity between the 153 cases of 
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sediment description at this study site. A robust structure emerges particularly in the centre and 
right hand side of the tree, and therefore the tree was subdivided into significant groups of 6- 12 
strata discrete at coefficients of difference between 3.0 and 4.0 without any knowledge of the 
sediment descriptions. Many of the groups show a 'core' structure, with a 'periphery' of 
descriptions clustered at a greater distance on the right hand side of the group representing a 
transitional set of sediments to the main group. However, the sediments on the left of the tree 
and a small section on the right at the upper end of a 'staircase' of progressively less similar 
sediments are ungrouped at even high distances between groups. This reflects the high 
individual variance inherent in some sediments and makes mathematical grouping difficult. 
Once this subdivision was established the particle sizes and other characteristics of the 11 
primary groups were identified to determine the internal consistency of the groups. In all 8 main 
groups were formed (A-H), with the largely unclustered section on the left of the tree being 
tentatively divided into another 3 groups (X, Y, Z). 
The characteristics of each group are briefly described below: 
Group A 
This group has a distinct position, forming a section well separated from the rest of the groups. 
The group contains a number of subgroups which are sedimentologically distinct, whose main 
characteristic is that of very poorly sorted material, with consistently high fines content. 
This group has a 'core' and 'periphery' structure, and accordingly was subdivided into 2 parts: 
Bl. The characteristic feature of this well defined part of the cluster tree is the presence of red 
sandstone erratics in a coarse sediment, with few fines. 
D2 This less well defined coarse sediment also has few fines, but contains exclusively local 
Pennant Sandstone clasts. 
This group has both a clear position in the cluster tree and a high Internal similarity. It is very 
poorly sorted, is brown in colour, and has a coarse fraction composed dominantly of angular 
clasts of local Pennant Sandstone. 
This group has a 'core' and 'periphery' structure with distinctive characteristics: 
DI This sediment has both a coarse and significant fines fraction, but is distinctive due to its 
composition of red sandstone erratics. 
2 This sediment is less well defined being very poorly sorted and having clasts only of local 
Pennant Sandstone. The individual sediment descriptions cover a range of permutätions, and 
are similar in many cases to those in group A. 
Group E This sediment is only found in 3 boreholes and is very coarse composed of clasts gravel 
size and above. 
Group F 
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This group forms a staircase of progressively grouped, relatively dissimilar sediments high up In 
the tree structure, which are like those on the left of the cluster tree. Close Inspection reveals a 
diversity of particle sizes, but a widespread tendency to have a low density and to be found near 
the surface of all of the boreholes. 
This group is a distinct set of strata clustered together at low distances. Within the group are a 
series of distinct subgroups, which share the characteristics of high density, a lack of boulders or 
clay and which are divided into those with and without red sandstone. The sediments are very 
similar to those in group D, and therefore were merged with D1 when red sandstone erratics 
were present, and with D2 when they were not. 
Group H 
This group of sediments are all boulders of sufficient size to be separately recorded In the 
borehole log. 
Group XY7 
The final set of 3 groups are clustered at high distances, and have little Internal uniformity. The 
only grouping of the 3 to have a strong particle size Identity Is Y, which Is composed of coarse 
local clasts with little or no fines, and Is therefore similar to the sediments of B2. Of the rest, a 
widespread tendency, to be of low density and near the surface of the borehole despite the 
variability of particle size, makes this group similar to both F and A. The 6 that remain were added 
to other appropriate groups. 
Thus the main groups established by this process are: - 
Facies 1 Composed of parts of groups A, F, X, Z and Is dominantly near-surface low density 
material. 
Facies 2 Composed of group B1 with 4 other sediments from Y, F, G, B2 added on the basis of 
particle size similarity and red sandstone erratics, all poor in fines. 
Facies 3 Composed of groups B2 and Y, with some of the ungrouped sediments from X, Z. The 
main characteristics are that the sediments are poor in fines and composed only of local material. 
Facies 4 Composed of group C with some of the ungrouped sediments from X, Z. The facies is 
poorly sorted and has only angular local clasts. 
Facies 5 Composed of group D1 with 2 sediments from D2 and A. The sediments are very 
poorly sorted and clasts of red sandstone dominate. 
Facies 6 Composed mainly of D2 and G, but with sediments from A and F and some of the 
ungrouped sediments from X, Z. The sediments have a range of poorly sorted particle sizes, but 
the clasts are only of local Pennant Sandstone. - 
Facies 7 Composed of E, and are very coarse sediments of gravel size and above only. 
Facies 8 Composed only of group H which are all individual described boulders. 
5.4.4.3 The characteristics of the borehole strata facles 
Once the facies groups had been formed it became possible to look at the nature of the 
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sediment groupings in more detail using the available data on particle size and consistency limits 
for the samples available for the boreholes in the study area. 
ri 
The largest group of samples with particle sizes and consistency limits' available was for 
facies 1, as many of the samples tested were for near surface sediments in this study site. The 
envelope of particle size curves for these sediments is a wide one (figure 5.20), indicating that 
this poorly sorted material of low density is probably composed of a variety of original source 
materials, and represent the results of weathering and some movement down slope of the In situ 
parent material at all locations. Note that facies 1 accounts for nearly all the consistency limits 
carried out at this study site (figure 5.22) and show a grouping above and at the base of the 'A'- 
line (Casagrande 1948), a zone characteristic of sandy and silty melt out tills Lewis (1983), and 
melt out tills (Boulton and Paul 1976), which may also be suggestive as to the processes of their 
origin. _ 
Facies 3 has 4 particle size curves (figure 5.20), which tend to confirm the fact that these 
sediments are poor in fines, 3 having none at all, 1 with 12%. They are all moderately sorted 
across the sands, gravel and cobbles, 2 being leptokurtic and strongly skewed to the coarsest 
sediments. These can be Interpreted as fluvioglacial or fluvial (high discharge) sediments on the 
basis of their plot on the mean-size against sorting co=plot (figure 5.21), such as that given in 
Lewis (1983) for the Taff valley glacial sediments. 
Facies 4 has 4 particle size curves (figure 5.20), which reflect the poor sorting of the 
sediment. However, there is perhaps a lower fines content (4-10%) than might be expected 
from the descriptions,, and there are 2 patterns of coarse sediment with peaks either In cobbles 
(with little sand), or gravel (with more sand). Given that In all cases the clasts are angular and of 
local lithology, this probably indicates origin nearby with not enough transport and sorting to 
produce any environment specific sorting. Thus they can probably be considered as talus or 
lateral moraine sediments. 
Facies 5 has only 2 particle size curves from within a 3m section of one borehole (figure 
5.20), showing a sediment with no fines, more akin to facies 2 (of which there are no particle size 
curves) reading from the descriptions. There Is some possibility therefore that these sediments 
are mis-classified, however, from the descriptions it can be seen that these sediments are 
commonly interbedded with " facies 2. Since these 2 fades are only separated In 
sedimentological terms by the greater fines content of fades 5 (both fades have red sandstone 
erratics), it can be suggested that these sediments have originated In the same fluvioglacial 
environment, but that the facies 5 sediments originate In lower flows. 
Facies 6 has altogether 7 particle size curves (figure 5.20) which form a wide envelope of 
poorly sorted sediments, most with 12-20% fines, but with some up to 35%, (18/10,5002/16). 
The co-plot of mean size against sorting (figure 5.21 shows these sediments plotting mostly to 
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the right of all the others, reflecting the poorer sorting and the lower mean particle size. This plot 
location plus the information from one plasticity plot (figure 5.22) would indicate that these 
sediments were of supraglacial melt-out origin (Lewis 1983), with some overlap into head and 
head and 'kame-terrace' sediments, reflecting the aggradation involved in forming this group 
from purely compositional information. 
Facies 2 and facies 7 were not sampled in any of the boreholes or trial pits and thus their 
characteristics can only be established from the sediment descriptions. Facies 8 are all boulders. 
4.4.4 Spatial distribution of Identified facles 
Plotting the top and bottom heights of the occurrence of the above facies along 5 
sections from the spatial database in figure 5.19 over the Goitre Coed site reveals the patterns in 
their distribution (figures 5.23 to 5.27). 
Facies I clearly can be seen to cover most of the area with a blanket of 1-3m of sediment, 
which in section 4 and 5 (figures 5.26 & 5.27) can be seen to thicken off the slope. Whilst the 
'near-surface' character of this group was used in the formation of this sediment grouping, the 
majority of these sediments were found in 2 distinct parts of the cluster tree (Z-A, & F), 
suggesting similarity in basic parameter description. This can mostly be identified as the low 
density component, but there is also a uniform high fines content, which can perhaps be related 
to the potential weathering and slope movement origin of this facies. 
Facies 4 also has a distinct location along the base of the upper slopes above Goitre Coed 
as seen in section 4 (figure 5.26). It tends to be found in the upper part of the boreholes, where 
it is interbedded only with the large boulders of facies 8. This would fit with the material-derived 
designation of a lateral moraine or talus deposit. Note that it usually overlies other poorly sorted 
materials at depth (mainly facies 6 ), although in places there are some fluvioglacial sediments 
from facies 2. This pattern of sedimentation suggests that this area has probably been an Ice 
marginal trough with some drainage latterly (after the early deposition of fades 6), and that the 
facies 4 sediments were dumped or moved into this partly filled depression after the Ice 
retreated from this area. 
Facies 3 is probably of fluvioglacial origin, and is mostly located on the eastern edge of the 
study site (figure 5.23), over what can be seen to be the Taff incision. Facies 3 is composed of 
local material only, and occurs mainly in the southerly part of the study site, where it does not 
interbed with the other sediments of possible fluvioglacial origin such as fades 2. Facies 2 Is 
composed of similar particle sizes but with red sandstone erratics, and occurs mainly in the north 
of the study area where it is closer to the modern River Taff. Whilst this zone on the eastern side 
of the study area is dominated by these coarse fluvioglacial sediments, there is clearly a lateral 
division of sediment provenance each perhaps representing distinct episodes of outwash, with 
fades 2 having a more remote (and later? ) origin. Note also that Facies 7 also occurs interbedded 
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with these sediments (figure 5.23), which is a material even more depleted in fines than facies 2 
with red sandstone erratics, and probably therefore also of a high discharge origin. 
Fades 5 and 6 are also present in this eastern zone, of the study area, again usually 
occurring separately according to the provenance of the, clasts, with the red sandstones 
dominating in the north and the local sandstones in the south. They also interbed in the north of 
the study area with the fluvioglacial sediments of facies 2 and 3 on the same basis of 
provenance, with the provenance transition in the area of borehole 342 on section 1 (figure 
5.23), and 347 on section 2 (figure 5.24). The interbedding of the well sorted sediments (facies 
2 and 3) and the poorly sorted sediments was also seen in the Bridge 1 study site, in the context 
of the possible slope instability of the channel incision- a process which may also have operated 
on the margins of the incision in this study area. The fact that the poorly sorted sediments 
generally overly the fluvioglacial well sorted sediments in the southern part of the study site may, 
however, indicate that the deposition of this poorly sorted sediment was a more general process 
such as large scale solifluction, as was noted from the Clydach Vale In South Wales by 
Wright(1983), especially since this sediment can also be seen to form the full thickness of the 
sediments In some boreholes over the rock'apron' (eg 14 and 24)... - 
It is notable that away from the topographic controls of the Taff incision and the base of the 
upper slopes, the pattern of sediment occurrence becomes less consistent. In the area of the 
rock 'apron' there are adjacent boreholes which have quite distinct sequences with no lateral 
comparability. Thus, In borehole 14 there is a thick sequence of facles 6 whilst in boreholes 320 
and 322 within 50m the sequence is dominated by facles 2 which Is well sorted coarse material 
(see figure 5.28). This highly variable pattern is accounted for in terms of the topographic 
circumstances of melt-out from a stagnant ice mass which is surrounded by a shifting network of 
meltwater streams. Perhaps the main meltwater route was established by the enlargement of an 
ice marginal channel against the eastern valley wall which cut down rapidly whilst the western 
'bench' was protected by stagnant ice. This ice perhaps provided some of the in situ poorly 
sorted sediments and the sources of slumps and slides into the Taff incision margins. 
Clearly, this area is sedimentologically complex as would be expected of the zone 
between 2 confluent ice masses, and therefore the detailed pattern is difficult to explain. 
However, the delineation of facies of sediments has provided an important guide to the main 
processes of sedimentation, and has helped considerably in characterising the sediments of 
this area in terms of the sedimentary architecture. 
5.4.5 SEDIMENTS EXPOSED IN THE STUDY AREA 
Several significant exposures were noted In the study area In gullies and slips, and the 
sediments were logged in detail. The materials were described In engineering terminology to 
allow direct comparison with the borehole and trial pits. However, the sedimentological terms 
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from Eyles, Eyles and Miall (1983) were added to describe in shorthand the main structural 
components of the sediment. 
The first of the sections available (figure 5.29) was the west of Bridge 1 section (see figure 
5.5), which became available when part of a track slipped away. It is located approximately 200m 
away from the site of Bridge 1 and displays a very similar sequence of sediments, although since 
it only extends 8.4m below the top of the NW bench the base of the sequence is not 
represented. The uppermost sediment is a thin medium dense diamict which appears to be a 
colluvium or fill. This overlies a thin bedded sand and a gravel and sand which closely resemble 
facies (C, H) of the Bridge 1 boreholes (plate 5.3). The im thick crudely bedded gravelly sand 
with a boulder also resembles facies (A, B) and may suggest an origin for it as a flow till. Most of 
the thickness of the sequence is a very coarse diamict Dcm with local clasts only (matching the 
characteristics of facies (E, F)) which appears to be laterally extensive along the NW bench (plate 
5.4). A clast fabric for this sediment shows a mean orientation almost east to west which is 
parallel to the valley long axis at this point, although not strongly preferred (see 'WBR1/DCM' in 
table 51 heIowl: 
A B C D E F G 
1 MEAN ATTITUDE STD DEV'N ABOUT X 
2 SITE/Lithofacies Si S3 FISHER QYE FISHER o3w 
3 PLVSR/Dcmm 0.798 0.0484 15/027 04/029 28.67 30.4 
4 PLVSV/Dcm 0.4996 0.1414 03/360 02/179 49.42 49.6 
5 WBR1/Dcm 0.5626 0.1408 06/080 07/082 46.34 46.4 
6 NBR5/Dcmm 0.5412 0.1424 18/021 20/019 46.89 46.9 
This would suggest that the sediment is a diamict of supraglacial melt out origin (see the 
Dowdeswell and Sharp 1987 classification in figure 5.32 below), indicating also in its thickness 
the considerable quantity of sediment the Taft glacier must have carried. 
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The second exposure (figure in the study area at the site of Bridge 5 (5 on figure 5.5) 
shows no sorted sediments at this point overlying the NW bench. The uppermost sediment is a 
diamict Dmm which sharply overlies the massive Dcm with local grey sandstone which composes 
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most of this exposure. The lower part of the section contains=the exotic clast suite (Old Red 
Sandstone, Carboniferous Limestone and Millstone Grit) and is both very dense and very 
coarse, characteristic of facies D of the Bridge 1 study area, and similar to the facies 5 of the 
Goitre Coed site (they may be the same 'sediment). This section shows some totally Glast 
supported clusters of cobbles and boulders within the sediment which may be equivalent to the 
facies 2 of the Goitre Coed site: this sediment cannot be considered a water sorted material 
despite its grading, and must be a very coarse "raft" of eroded bedrock being transported in the 
basal ice. 
The third exposure in a gully north of, Bridge. 5 (see figure 5.5) shows a3 part stratigraphy 
similar to that in the W. of Bridge 1 section. The uppermost metre is sorted bedded gravel and 
sand Gm overlying a thick mass of diamict Dcm which here contains both local and exotic clasts 
lithologies. Below an obscured section the Dcm becomes a little more matrix supported: a clast 
fabric showed a preferred orientation at around 2011 which again is parallel to the valley long axis 
at this point, although the orientation is not strongly preferred suggesting a supraglacial melt out 
till origin ('NBR5/DCMM' in the table 5.1, Dowdeswell and Sharp classification figure 5.32). - 
At the base of this section is a red brown diamict Dmm which is very dense and contains 
abundant exotic lithology clasts. Laterally this sediment is replaced by a massive dense sand 
with coal smudges, clay streaks and fine sand inclusions into which tongues of the overlying 
diamict dip. This lowest set of sediments seem to be associated with active shear and maybe a 
lodgement complex. 
During the construction of the new A470 (T) through the cut across the'neck of'the 
incised meander a section was examined and the profile of rockhead across the col was leveled. 
No sorted sediments indicative of a buried channel were seen (figure 5.33), only 2 diamicts Dmm 
with local and exotic clast lithologies., The low density of these sediments suggests that these 
diamicts may not be glacial, but have infilled the channel reported in the site investigation. 
A further site exposed on the north side'of the new A470 (T) road (figure 5.34) in a low 
cutting shows the sediments associated with some of the hummocky terrain on the surface of 
the bench (6 on figure 5.5). The mounds each show a core of massive sands covered with a 
diamict Dcm forming the shape of the hummock, with some stratified diamict Dms on the flanks. 
These features may represent the characteristic topographic reversal of supraglacial melt out. 
The bench below these mounds at "Outfall 5" (7 on figure 5.5) however, appears to be 
composed of the 2 diamicts familiar from the Goitre Coed area as seen in figure 5.35. ' The upper 
diamict Dcm sharply overlies a very dense fissured Dmm with many exotic lithology clasts and a 
fine matrix. The lower diamict could be seen lying directly on grey sandstone bedrock making a 
clean contact (plate 5.5). 
The final 2 sections logged were found adjacent to the old railway viaduct across the Taff 
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(8 on figure 5.5), one at river level on the west and one almost at the surface of the bench on the 
east side (plate 5.6). The lower river section (figure 5.36) shows a further example of the very 
coarse diamict as in figure 5.30 packed with coarse clasts (plate 5.7): a fabric measured for this 
section shows a very strong orientation suggestive of a basal melt out till ('PLVSR/DCMM' in 
table 5.1) in the Dowdeswell and Sharp classification (figure 5.32). The complex section at the 
top of the bench (figure 5.37) shows a sequence similar to a supraglaclal melt out complex, with 
diamict Dcm interbedded with sorted sands and gravels. The clast fabric Is not at all preferred 
with a girdle pattern in the stereo plot ('PLVSV/DCM' in table 5.1) and would be a glacigenlc 
sediment flow In the Dowdeswell and Sharp classification (figure 5.32). 
5.5 LANDFORM SEDIMENT RELATIONSHIPS IN THE STUDY 
AREA 
The landform-sediment relationships for this study area are highly complex due to the 
great thickness of glacial sediments and the Importance of both postglacial fluvioglacial action 
and the effects of periglacial down slope creep. The cross sections plotted from the sediment 
facies analyses therefore show the variability of the sediments in a way which the Iandforms 
could not entirely predict, illustrating the variability In the sedimentological character of the glacial 
sediments as well as the spatial variation in the emplacement of other sediments during(? ) and 
after glaciation. For example, the landforms appear to usefully indicate when a terrain has been 
fluvially modified by the presence of channels or platforms sloping down valley. However, this 
observation frequently cannot determine whether the underlying sediments have been merely 
removed leaving more of the original facies below, or whether a thickness of fluvial materials has 
been deposited. In these cases most of the dissection appears to be associated with relatively 
thin sediment deposition, with only two such channels matched with the sediment record 
(boreholes 320/322 & 5001, figures 5.25 & 5.26). 
Another insight into landform/sediment relationships seen here Is that the 
palaeotopography of the sediment accumulation area can be locally the most significant control 
over the morphology and therefore landform expression of a sediment body. Thus, the well 
sorted materials seen in figure 5.14 both at the top and down the side slopes of the Taff incision 
are spatially distributed according to the controlling influence of the mass of facles (E, F) at 
Bridge 1 in the west and the bedrock slope on the east, which together form a trough. It can 
therefore be seen that establishing as best as possible the 3-dimensional shape of any particular 
sediment can be of considerable importance in the overall understanding of the full stratigraphy. 
The use of the Eyles (1983b) model to postulate a generalised stratigraphy of offlapping 
sediments developed out from the valley wall (figure 1.1) can be usefully tested here too. Eyles 
(1983) suggested the sequence began with outwash adjacent to the bedrock, followed by 
lodgement till and then supraglacial melt out till, with collapsed melt out sediments dumped in 
the central valley area. In this area the evidence suggests that the generalised sequence is In 
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fact lodgement till everywhere lying over bedrock and then overlain by a mass of supraglacial 
melt out till. The surface of the sequence may in places be fluvioglacial sediments associated 
with channels, or hummocky terrain with diamict covered sand cores. Over all the sediments 
near the base of slopes there appears to be'talus and soliflucted material adding a further 
complex layer. 
Finally, the role of gross topographic controls should be emphasised on the landform- 
sediment relationships. Where significant bedrock features such as the neck of the Incised 
meander blocks a valley the whole sequence of sedimentation can be altered to reflect new Ice 
flow orientations and new meltwater routings. The confluence of 2 valleys too can have a 
controlling influence on sedimentation as In the Goitre Coed area where sediments In transport 
have evidently accumulated. These features undoubtably create the precise glaciological or 
fluvial conditions within which the creation and destruction of landforms can occur. 
Figure 5.1 Location map for the S. Wales Valleys showing the Taff Valley study areas 
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Plate 5.3 Exposure at W. of Bridge 1 (ST 08702 95175): top of section showing Sp, Gm/ Dcm, 















































































Figure 5.6 Bridge 1 study site: 3 cross sections across the River Taff showing depth to rockhead 
where known, and the number of described strata 
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Figure 5.7 Bridge 1 study site: isometric plots for the ground surface 







































Figure 5.8 Bridge 1 study site: cluster tree of the relative similarities of the borehole sediment descriptions 
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Figure 5.10 Bridge 1 study site: particle size curves for the borehole sediments 
sampled for each of the facies defined by description clustering 
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Plate 5.4 Exposure at W. of Bridge 1 (ST 08702 95175): bottom of section 
showing the diamict Dcm (Scraper measures 200m) 7UP 
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Figure 5.11 Bridge 1 study site: mean particle size against sorting co-plot for the 
















Figure 5.12 Bridge 1 study site: plasticity against liquid limit co-plot for the 
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Figure 5.20 Goitre Coed study site: particle size curves for the borehole sediments sampled 
for each of the facies defined by description clustering 
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Figure 5.21 Goitre Coed study site: mean particle size against sorting co-plot for 
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Figure 5.22 Goitre Coed study site: plasticity against liquid limit co-plot for the 
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Figure 5.27 Goitre Coed study site: cross section 5 
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Figure 5.28 Goitre Coed study site: map of the facies in the boreholes and trial pit 
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Figure 5.29 Taff 4 NE Abercynon study area- west of Bridge 1 section 
ST 08702/95175 elevation at top 95. Om s 
(m) Particle size 
GSiS rB', 
£ Medium dense brown rounded to angular grey sandstoney cobbley 
" GRAVEL and slightly clayey slightly sandy SILT ( Possibly FILL) 
>ý:!. ý Medium dense rounded to subrounded bedded gravelly SAND ` '''''` (Bedded at 7-12°; alternate beds of coarse sand/fine gravel) 
1 ":; Medium dense rounded to subrounded cobbley grey sandstoney 
"'' GRAVEL and slightly clayey silty SAND 
'' Medium dense brown slightly clayey slightly gravelly silty SAND 
1 (crudely bedded in form of drapes over clasts. one large boulder 
2 
® 
present at the base) 
AA Red brown fine SAND (3cm thick, in the form of a drape) 
N 





















Dense to very dense grey sandstoney bouldery gravelly 
COBBLES and slightly sandy clayey SILT 
(Occasional clasts of red sandstone) 
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Figure 5.30 Taff 4 NE Abercynon area- Bridge 5 section 
ST 09205/95712 section top 106.7m OD 
(m) Particle size 
rCoAa 
ý. A Medium dense slightly sandy slightly clayey SILT and slightly 
A cobbley slightly bouldery grey sandstoney GRAVEL (Dmm) 
(Sharp undulating lower boundary, some loading structures) 
A. 
A& A 
AA Dense yellow brown rounded to subangular grey sandstoney 









AA Dense yellow brown rounded to subangular grey sandstoney AA bouldery cobbley GRAVEL and silty SAND 






Very dense brown rounded to subrounded grey red sandstoney 






Figure 5.31 Taff 4 NE Abercynon area- north of Bridge 5 gully section 
ST 09175/95941 elevation at top 111.25m 
(m) -Particle size 
CIS' ro to} 
"; 
" Medium dense grey brown poorly sorted subrounded to 
" "? ý: " subangular grey red sandstoney quartzitic 
" ":. " cobbley GRAVEL and silty SAND 
1 "'" 00 
(Gm) 
AA 
2- . Brown dense poorly sorted clayey silty SAND and 
subrounded to suban ular d d g grey re san stoney 
bouldery gravelly COBBLES 
f°'A (Dcm) 
3 A. N 
fA Ironstained below th 














Brown dense very poorly sorted slightly clayey 
silty SAND and subrounded to subangular 
grey red sandstoney quartzitic gravelly COBBLES 
(Dmm-Dcm) 
Red brown very dense poorly sorted slightly sandy 
clayey SILT and rounded to subangular grey red 
sandstoney quartzitic gravelly COBBLES 
This deposit replaced laterally by: - 
Dense yellow brown well sorted coaly silty SAND 
(Tongues of diamict dip into top 10-1 Scm and 
ironstaining forms a pan up to 1cm thick on top. 











Figure 5.33 Taff 4 Edwardsville area- section on east side of cutting at Bridge 7 
ST 09040/96250 
(m) Particle size 
FILL 
ff Soft orange brown silty clayey fine medium SAND and angular to subrov-1-A 
ff grey sandstoney coarse medium GRAVEL 
A 
Medium dense light brown silty fine coarse SAND and subangular to sub (Dmm)d 
f grey red sandstoney quartzitic slightly bouldery cobbley GRAVEL 
A' 







a Rockhead mantled by c. 0.5m of shattered angular rock fragments 
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Figure 5.34 Taff 4 Edwardsville area- roadside sections NE of Prince Llewelyn 
ST OSSI& 116302 
SECTION 20m N. OF PRINCE LLEWELYN FARM Soft orange brown silty clayey 
SAND and angular to subroundod 
bbley GRAVEL (Dms) 
Medium dense subrounded to subangular grey red sandstoney 
quartzitic GRAVEL and silty SAND (Dom) 
Loose brown coarse SAND (Sm) ' ". Loose brown subroundod to 
subangular fine GRAVEL(Gms) 
uau l vcI 
vro5ýI - 46301 
SECTION 75m NW. OF PRINCE LLEWELYN FARM 
ose brown subrounded to subangular grey sandstoney 
GRAVEL and silty clayey SAND (Dcm 
Loose yellow brown coaly SAND (Sm) 
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Plate 5.7 Exposure at W. Taff river bank S. of old Viaduct : Dcm 
with orientated clasts k-- UP 
Plate 5.5 Exposure at outfall 5 gully: shows Dcm over Dmm 
('E' units on the staff are 5cm) 
aj" 
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Figure 5.35 Taff 4 NE of Abercynon area- outfall 5 stream sections ?. oa51b ' 34b 
s. 08525 96325 LOWER 
UPPER 
(m) Particle size 
(m) Particle size iCYý is is rf ývf 
A 
Dense brown sandy slightly clayey SILT and rounded tr' 




1 (Some fissuring crudely parallel to the slope at 7° at the 
1A upper site; more 'clayey' at lower site) 
- (Sharp undulating contact between two diamicts) 
I1 
AA Very dense grey clayey SILT and grey red sandstoney 
AA rounded to subangular slightly bouldery gravelly COBBI(Dmm) 
.- (Well fissured at both sites) 






® end of 
culvert 
Small bedrock 
outcrop in strez 
bed showing 
bedding plane 
dipping to 033° 
Magnetic north 
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Figure 5.36 Taff 4 NE Abercynon area- west bank of Taff (S. Cynon 
Valley viaduct) s. o$2.5 qýbao 
(m) Particle size 
CI Si rB 


















Grey very dense red grey sandstoney quartzitic rounded to (Dcm) 
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Figure 5.37 Taff 4 NE of Abercynon area- section by old Cynon Valley viaduct 
5T O83o5 46402 







Brown dense rounded to subrounded grey red sandstoney slightly 
cobbley slightly bouldery GRAVEL and slightly clayey slightly 
sandy SILT (Dcm) 
(Contains several highly weathered siltstone clasts) 
Brown dense silty gravelly SAND (forms drape over units below) 
(Dms, Sm) 
-Brown dense subangular to subrounded grey red sandstoney (Dcm, Gms) 
slightly clayey sandy GRAVEL' 44 
IL 
Dense brown subangular to subrounded grey red sandstoney (Dcs, Gm) GRAVEL and slightly clayey very silty SAND 
Medium dense brown rounded to subangular grey red sandstoney Dcs () 
slightly cobbley fine GRAVEL and slightly clayey sandy SILT 
(Unit has bands of 'clayey' material at 1.7- 1.8m and 2.2- 2.3m, 

























smoothed over BEDROCK 
surface of outcrop 
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SOUTH OF MERTHYR VALE 
6.1. INTRODUCTION 
This chapter covers work on the landforms/sediments of part of the Taff Valley 
immediately south of the mining village of Merthyr Vale (location map in figure 5.1 and local plan 
in figure 6.1). In this area the Taff is incised deeply into the Coalfield Plateau and the valley is 
steep sided and flat floored, although the river is flanked by benches of variable height. For a 
number of years after 1870 one of the benches on the eastern side of the river in the study area 
was extensively used for tipping of colliery waste from Merthyr Vale pit, and became known as 
Black Lion Tip. 
During the construction of the new A470(T) Taff Valley Trunk Road on the western side of 
the valley it was decided to realign the Taff to take a more easterly course, which entailed the 
removal of part of Black Lion Tip and the reclamation of most of the tipped waste for discarded 
coal. On the western bank the new Merthyr to Cardiff trunk sewer was excavated along the line 
of the old Glamorganshire canal. The combination of new road, new sewer, river realignment, tip 
reclamation and Taren Slip stability analyses has generated a large amount of site investigation 
data which are used in this study (see Appendix A). 
6.2. PHYSICAL BACKGROUND TO THE STUDY AREA 
6.2.1 GEOLOGICAL HISTORY 
The geological sequence found in the the South of Merthyr Vale area is almost identical to 
that found in the NE of Abercynon area, although dominated to a greater extent by the Brithdir 
beds of the Pennant Measures (Upper Coal Measures, see figure 5.2). Accordingly the 
geological history of this area is described in section 5.2.1. 
6.2.2 LANDSCAPE EVOLUTION 
The general features of landscape evolution described in section 5.2.2 are also applicable 
to this study area. 
6.2 .3 LATE 
QUATERNARY HISTORY 
The Late Quaternary history of this area has already been considered from a regional 
perspective in section 5.2.3 . 
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The glacial modification of the S. Wales valleys has already been considered in section 
5.2.4, however several aspects of the Merthyr Vale area have not previously been covered and 
are noted here. 
The large scale slope instabilities common in the Coalfield valleys (first surveyed by Knox 
1927) are represented in the study area by the Taren slip. Thus the extreme north west of the 
study area covers part of the postglacial Taren Slip complex consisting of a huge multi-level 
landslide covering a c. 1 km length of the western valley side. This area of slipped sediments was 
considered to have only been active during the period immediately after deglaciation according 
to the extensive investigation carried out during the engineering site investigation for the 
A470(T), which was to cross its toe. The slip is composed of a number of rotated blocks of rock 
and drift and all relationship between glacial landforms and sediments has been lost. 
The existance of overdeepened basins in the S. Wales valleys was drawn attention to by 
Anderson (1974) using coal mine shaft depths and bedrock outcrop. It should therefore be 
noted here that the Merthyr Vale Colliery shafts 1 and 2 to the north (SO 07370011 and 
07380000) recorded 23.7m and 19.9m of drift respectively, whilst bedrock outcrops in the 
study area. The study area therefore lies at the end of an overdeepened basin probably 
associated with the less resistant siltstone bedrock of the Abervan area just to the north. 
6.3. LANDFORMS OF THE STUDY AREA 
Due to the strong topographical framework of the study area the valley sides and floor 
areas are best considered as distinct units for the study of the Iandforms. The two zones are 
separated on the landform map in figure 6.2 by a green line marking the approximate upper limit 
of the thicker (>3-4m) valley floor sediments. The chaotic topography of the Taren Slip (1 on 
figure 6.2) is not considered in this study since the wholesale collapse of the valley side here 
has meant that the original depositional topography has been obscured. Note that the River Taff 
appears to mark the downslope boundary of the Taren slip which is not seen on the east bank in 
the Black Lion terrace (2 on figure 6.2). 
6.3.2 PREVIOUS WORK 
The first detailed work carried out in this area was done by the Geological Survey at the 
beginning of the century. Unfortunately, in this area the Taff Valley runs along the, borders of 
two of the original 1" map sheets and north of Aberfan into a third, so the effort of these early 
geologists was divided, and no single memoir follows the sequence of features in the Taff for 
any distance. The study area actually falls within the sheet for "The Country around Pontypridd 
and Maesteg" (memoir 1st published as Strahan, Tiddeman & Gibson 1903), and although little 
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concerning the study area was noted in this edition, in the revised edition by Woodland and 
Evans (1964) three 'meander terraces' were noted in the valley below Merthyr Vale which were 
not matched across the valley. This was attributed to the erosion accomplished by the 
meandering of the Taff in the postglacial period. 
However, in the interpretive site investigation report for the Taff Valley Trunk Road 
prepared in 1974 the Taff is ascribed a very small role in post glacial valley evolution, with its 
effects limited to some of the flood plain. The report suggests that the present valley cross 
profile with an overall U-shape and discontinuous unmatched benches in the valley bottom was 
a product of thickening glacial deposition off the slope towards the valley centre. In places 
below Merthyr Vale (eg. Buarthglas 500m south of the study area) the benches were 
considered to be kame terraces at about 30m above current river level. 
The only subsequent detailed study of the landforms of this part of the Taff Valley was 
carried out by Lewis (1983), who concentrated primarily on the area to the north of Aberfan. 
However, in a general survey of the glacial landforms between Troed-y-rhiw (4 km to the north of 
Merthyr Vale) and Edwardsville, Lewis described various bench features including those to the 
south of Merthyr Vale noted by Woodland and Evans (1964) as kame terraces. He described 2 
terrace levels at 20-35m and 90-11 Om above current river level through this section of the valley, 
with characteristic top and side slopes of 4-10° and 26-27°, and attributed their formation to 2 
main glacial phases with "constant ice level between these (kame terraces)". 
Lewis also suggested that the pronounced U-shaped cross section of the valley in this 
area (plate 6.1) was due to the coarser arenaceous sandstone found outcropping in this area, a 
factor also discussed by Sparks (1972). Note also that many solifluction lobes are described by 
Lewis from these steeper valley sides especially to the north of the Taren slip near Aberfan on 
the north east facing slopes. 
The whole of the study area was mapped initially from the interpretation of 1: 2500 
stereoscopic aerial photo coverage. This proved to be useful for the identification of the 
Iandforms, since the construction of the road and other recent developments in this area have 
obscured of some of the original features. The maps once compiled were checked by field 
morphological mapping at a scale of 1: 2500 (outside the Taren Slip and the new developments 
of the Black Lion Tip and new A470(T) areas), using the system suggested by Cooke and 
Doornkamp (1974) and based on Savigear (1965). The full details are given in section 2.4.2.1. 
In general the valley sides are quite steep varying from 15-35°, and appear only to be 
covered by a thin layer of sediments as is seen in the frequent outcrop of the Pennant 
sandstone bedrock and in several small quarries. The upper slopes (above the green line on 
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figure 6.2) descend towards the valley floor at a constant rate and azimuth on both sides of the 
valley, and have a slightly convex profile downslope. However, note that the sediments on 
these upper slopes appear to thicken along the valley long axis into pre-glacial valley side stream 
courses and gullies. This is known from the "Selection of technical reports submitted to the 
Abervan Tribunal" (Welsh Office 1971) which concerned the area under the tip c. 1km north of 
the study area above Abervan. 
However, since little of the available sediment data covers the valley sides and since the 
sediments are both thin and lying on steep slopes, there are few distinctive landforms of glacial 
origin indicating the effectiveness of paraglacial slope change. 
The Iandforms of this area are best considered by first subdividing the study area into 
some smaller sub-units which can then be described in detail (see figure 6.2 for extent of the 
areas referred to). 
This area covers both sides of the river in the north of the study area and encompasses 
the toe of the Taren slip on the west bank and the Black Lion Tip on the east bank (plate 6.2). 
The Taren slip can be recognised by the occurrence of slopes facing away from the valley 
centre, where blocks which have been detatched during the slide have rotated away from their 
original angle of rest. There are also valley side slope orientations which tend to converge on a 
point rather than to be parallel- as can be seen on the side slopes elsewhere in the study area. 
The lowest part of the toe lying between the line of the old canal/railway and the river appears to 
have been undercut by the river leading to some basal oversteepening. 
Opposite the toe of the Taren Slip lies the Black Lion Tip , extending from the 
northernmost part of the study area down to the sharp easterly bend in the Taff. The Tip itself 
appears to have been created in 2 parts- north and south of a narrow section seen in figure 6.2, 
the north part before 1900 and the south between 1900-19 (Wright 1979). Before the tipping 
of the spoil the larger southern part of the tip site was the location of some allotments, which 
seem to have been separated from the river by a steep wooded slope, indicating that the Tip 
was initiated on a pre-existing bench above the river. Note that this original bench feature is 
partially visible south of the Tip until it is wedged out to the east against the railway embankment. 
In this area- especially between the Taren Slip and the Black Lion Tip- the Taff flows in a narrow 
corridor between oversteepened slopes making a sharp turn towards the east at the southern 
end of the tip. Note that although the oversteepened slopes of both sides of the river are 
parallel, the benches east and west of the river are unmatched in elevation, suggesting non- 
fluvial deposition although they may have been partially fluvially dissected. 
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This area falls into two separate parts determined by the orientation of the slope angles: 
firstly a lower part (where the slope angles all run along the valley long axis; and secondly, a 
higher part between these lower slopes (break of slope is 3 on figure 6.2) and the upper limit of 
the lower valley slope sediments (the green line on figure 6.2). 
The lower slopes appear in the most part to have been formed by the action of the River 
Taff. The evidence for this can be seen in the many small channel and bar features present on 
the 2 distinct benches (marked A and B on figure 2), and in their low angled graded form 
(everywhere <_1°). These benches are therefore probably relict terraces of the Taff, abandoned 
by the river upon a renewed cycle of downcutting. Terrace A is less well preserved and the 
boundary with the upper slopes of area 1 is indistinct in places: this probably indicates that mass 
transport processes have moved material down the slope over the inner margins of the original 
terrace. 
The upper slopes of area 2 when viewed as part of the overall valley side slopes form the 
very base of the convex profile. This section of the slope cannot now be examined in any detail 
as this part of the slope has been used for the construction not only of the modern Taft Valley 
Trunk Road, but also of the earlier 18th and 19th century Glamorganshire Canal and Rhymmny 
Railway. However, it can at least be seen that this slope section appears to be considerably over 
steepened, with typical slope angles reaching 30-35° where they can still be measured eg grid 
square 077981 (4 on figure 6.2). This perhaps suggests an erosional origin related to the 
cutting of the terraces below. 
This area is bounded on east and west by road and river, and in the north by some 
housing west of the road next to the Black Lion Tip. The whole area is one of sidelong ground- 
in general with high slope angles which terminate downslope at a major break of slope 
immediately above the river, leaving a short and in places still active slope being undercut by the 
Taff below. 
The area also contains an apparently truncated ridge (5 on figure 6.2) which is orientated 
across the valley just to the north of the bend in the Taff where the river closely approaches the 
railway. The ridge section remaining is only 50m long having a rounded upvalley (north) crest 
sloping down to a sharp concave break of slope. This bounds a flat bench with a slight negative 
upvalley gradient, which appears to have been cut on the west side facing the Taff. On the 
downvalley (south) side the ridge crest is sharp running steeply down to a sharp basal break of 
slope in a large hollow. Note that this ridge feature also appears to curve smoothly (in plan) out 
of the upper slopes on both the up- and downvalley sides. 
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The ridge has several features which make it similar to a moraine: it has an up- and 
downvalley symmetry in the cross valley orientation of the ridge side slopes; there is a smooth 
proximal slope with an upvalley negative gradient; and, the feature is clearly oriented across the 
valley in an area where all the slopes are either parallel to the valley long axis or the dominant 
valley side slope. 
6.4. SEDIMENTS OF THE STUDY AREA 
6.4.1 INTRODUCTION 
Due to the various construction schemes mentioned in section 1 above, a considerable 
amount of data is available for the sediments of this area from various site investigations, 
including lithological logs from boreholes and trial pits, and the associated laboratory tests 
including particle size details. The largest source of data is the site investigation for the Taff 
Valley Trunk Road which was carried out by Soil Mechanics Ltd: the details of the recovery 
techniques used and the principles adopted in the logging of the sediments can be found in 
Chapter 2. 
In addition, a very large section in the sediments (c. 90m long and up to 20m high) has 
been exposed by the undercutting of the eastern river bank to the south of the Black Lion Tip. 
This was logged in detail by abseiling down 4 main lines of section (see figure 6.22 for locations). 
6.4.2 PREVIOUS WORK 
Work done previously on the sediments of this area falls into 3 categories: investigations 
for spoil tip safety or reclamation; site investigation for new roads and sewers; and some 
research into the local geology. 
In 1978 the Black Lion tip was investigated by S. Wales National Coal Board Geological 
Services (Wright 1979) by drilling 4 light cable percussion boreholes through the bench. This 
report confirmed on the basis of this field investigation, drilling and old Ordnance Survey maps 
that the bench was natural in origin, and that the tipping of spoil prior to 1900 had merely capped 
a pre-existing feature. No lithological logs are given but a general stratigraphy is described and 
can be read off the interpretive cross sections. The uppermost sediment found in the bench 
was a "clayey sand with many pebbles", varying from 1 .0 to 4.6m in thickness and overlying 
"sand and gravel" described as "containing... a wide range of grain sizes throughout, from sand 
to boulders". However, one borehole in the centre of the southern part of the bench passed 
through 9m of "laminated clayey silt mixed with stoney clay" between the uppermost clayey sand 
and the basal sand and gravel. The laminae were described as being 1 mm thick, very soft and 
clayey and deformed by drilling. Wright (1979) attributed the origin of this material to 
accumulation in a small ice proximal lake since the sediment seemed to form a lens-shaped 
mass. A small and narrow river terrace was also noted along the west (river) side of the tip only a 
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metre or so above the modern river alluvium. No evidence was found of any deposits belonging 
to the Taren Slip on the gj side of the river, which suggests that the margin of the slip lies 
along the river itself. 
In a related investigation into the stability and content of the Black Lion Tip for the 
consulting Engineers to the A470(T) road scheme (Rendel, Palmer & Tritton), an internal report 
constructed a contour map manually of the surface heights on the tip, and some inferred levels 
of the base of the spoil using all known sources (9 boreholes). Once corrected for some local 
subsidence these substantiate the observations above on the shape of the original bench as 
flat-topped and steep sided. 
The site investigations for the new A470(T) road included an interpretive report in 1974 
on the local drift and solid geology. This work defined several types of sediments present in the 
Taff between Abercynon and Abervan: alluvial s"Its: sands an gravels; glacial gravels; till; and 
local till which were defined in section 5.4.2. However, note that the 'local till' is restricted in 
distribution to near Aberfan in the valley bottom, and is considered to be the erosional derivative 
of the siltstone bedrock of this area (just to the north of the study area). 
Early work carried out on the local geology was started by the Geological Survey (Strahan, 
Tiddeman & Gibson 1903) who made some preliminary observations on this area noting that the 
"clayey drift" extended to about 30m above the river and contained up to 30% Old Red 
Sandstone and Carboniferous Limestone in the coarse material. The later edition of the memoir 
by Wood head and Evans (1964) repeated this observation but added that the height of the drift 
limit was assymetric across the valley in this area, with the limit some 30m higher on the west (ie 
easterly facing) side of the valley and pockets of drift on the higher slopes up to 270m OD. 
The only detailed study of the drift sediments has been carried out by Lewis (1983) as 
part of a thesis on the engineering properties of the drift sediments in the Taff Valley, and is 
described in full in section 5.4.2. However, he also also identified materials in this area he 
termed ice contact deposits, composed of 'grey brown dense angular to subangular sandy 
gravel and lenses of cobbles and boulders with a crude stratification'. This material was 
described only from part of a valley-side bench to the north of Aberfan, but was suggested to be 
the dominant constituent of kame terraces Lewis identified between Merthyr Vale and 
Edwardsville (referred to in section 6.3.2 above). 
Note also that the work by Fookes et al. (1975) referred to in section 5.4.2 is applicable in 
this area which was part of the same contract. 
Within this study area there are 20 boreholes, 23 trial pits and 16 points logged along a 
trench for which sediment data is available. This originates from 3 main original sources: - 
1) Soil Mechanics Ltd. Main site investigation for the Taff Valley Trunk Road in 1973; 
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2) Ground Investigation Ltd. Additional site investigation on Black Lion Tip in 1980; 
3) Merthyr-Cardiff Trunk Sewer Project. Trench cut along the line of the old canal in 1973. 
The log descriptions generated by these investigations have been used a source of sediment 
information within the study area, with all of the data stored in and handled by the GEOSHARE 
system as described in chapter 2. 
As has been noted above in section 3.1 this area can be divided into 2 parts, one with a 
thin sediment cover on the upper slopes and the other with thicker accumulations of sediment 
on the valley floor. Where the sediment cover is thin on the upper slopes the bedrock appears 
to descend smoothly towards the valley floor as can be seen in the morphological map in figure 
6.2. 
However, on the lower slopes and the valley floor the morphology of the bedrock is more 
obscure. By extracting from the database the OD heights of the bedrock in all the boreholes 
and trial pits in the study area it has been possible to plot an isometric diagram showing the 
approximate shape of the rockhead surface (see figure 6.3). This diagram shows how the 
bedrock surface appears to continue to descend to the valley floor from about 160m OD (the 
upper flat bench on the left is an area of no data), finally levelling off at about 120m OD at a sharp 
break of slope. 
By plotting another isometric diagram to represent the ground surface from the 
borehole/trial pit surface heights (figure 6.4) a comparison can be made between the rockhead 
and surface topography. In figure 3b the ground surface in the area of the lower valley side 
slopes runs parallel with the rockhead surface over most of the area, with one exception in the 
apparent infilling of a bedrock depression by drift at 77.25E/982.5N. A narrow corridor can also 
be seen running through the ground surface plot (figure 6.3), currently the course of the River 
Taff. The major difference between the ground surface and the bedrock surface lies in the area 
to the east of the Taff: here it can be seen that the Black Lion terrace is composed entirely of drift 
sediments and that the valley floor bedrock lies at or up to 8m below current river level. 
It would seem likely from examining these isometric plots that during glacial times the 
whole of the bedrock valley floor was covered by ice, which would have overridden the rock bar 
evident in the SE part of figure 6.4. Note also that the bedrock profile across the valley shows a 
smooth descent to the valley floor under the drift sediments, which suggests that the drift 
sediments form a general infilling of the valley. It might therefore be expected that most of the 
thickness of sediments is associated with sedimentation associated with the Taft Glacier which 
has subsequently been postglacially incised by the Taff. 
280 
In order to investigate the spatial patterns of facies described from boreholes in the 
sediments, the technique of objective strata grouping described in chapter 2 was carried out. 
Thus, once the borehole strata descriptions for the Bridge 1 site were stored in the GEOSHARE 
database, coded and converted to formatted sediment parameter rows, the resultant matrix was 
correlated using the cosine theta coefficient. Note that for this data 12 parameters were 
available viz. density, clast shape, hue, grey shade, sandstone lithology present, and non- 
sandstone lithology present in addition to the 6 main particle size groups. 
Secondly, a standard O-mode factor analysis was carried out on the matrix created, which 
produced a7 factor model with eigenvalues >1 (=significant) explaining 98% of the variance in 
the data. Thirdly, the factor loadings were submitted to a standard cluster analysis of cases to 
group the variables (parameter rows) together. The cluster tree shown in figure 6.5 gives the 
groupings of the original strata numbered from 1-11 , and was manually subdivided with no 
knowledge of the sediment descriptions into 12 groups identified by letters A-I, and X, Y, Z. The 
subdivision was carried out so as to select groups with a distinct identity at a distance coefficient 
of about 4.0. The lettering system A-I and X, Y, Z was adopted to indicate that the first 9 groups 
(and Z) have a distinct identity, whereas the X and Y are less internally consistent, being 
clustered at higher distance coefficients. The high coefficient clustering of X ar .Y in the data on 
inspection seem to be related to the problem of missing data ie where for example the density of 
a stratum is not described. 
Next the sedimentological characteristics of the group were examined to determine the 
internal consistency of the groups, the scope for marginal reallocation of sediments to new 
groups, and any inter-group similarities so that exploratory facies could be defined for detailed 
analysis. In this process the groups were reduced to 10 by adding the sediments from groups X 
and Y into other appropriate groups. All the strata descriptions for the boreholes are shown in 
figure 6.6 along with I-he ; n; 6 j groupings. 
To test the the usefulness and stability of this grouping a multiple discriminant analysis 
(MDA) was carried out after adding the appropriate label 1-10 to the sediment parameter rows. 
The resulting 2 component MDA plot (figure 6.7) shows the similarity of the groups as measured 
along the axes of maximum group discrimination, and, in the analysis of group membership 
labels shows the individual strata which have been misclassified. This program will also load the 
data from further cases as yet unclassified and give their optimum classification according to the 
current grouping parameters. Accordingly, the strata descriptions from the trial pits in this area 
were parameterised in the same way the boreholes descriptions were and added into the 
analysis for grouping . 
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By using the results of the multiple discriminant analysis it was possible to form 7 distinct 
facies groups for the borehole sediments incorporating the 10 adjusted groups identified in the 
clustering process (lettered using the original scheme): -A, B, F; C, H; D*; E; G; I; & Z. 
Examination of the MDA plot (figure 6.7) showed a reasonable degree of separation for the 
original groups (symbol 'J' indicates the group Z). 
The trial pits excavated in the study area were mostly very shallow ones which did not 
reach bedrock in any case: accordingly, they were not used in the clustering process to avoid 
the oversampling of the near surface zone sediments. The sorted trial pit descriptions are 
shown in figure 6.8 along with the multiple discriminant analysis groupings, which are mostly I 
and Z. 
As a check on this grouping process the particle size distributions for the strata falling into 
each of the facies groups were plotted together for the boreholes (figure 6.9) and trial pits 
(figure 6.10). These figures show that some of the groups have overlapping particle size 
distributions, however, note that the groups were not formed on lithological grounds alone and 
include the influence of density, colour, clast shape and clast lithology. 
The characteristics of each group are briefly described below: 
Fades A. @. E 
The sediments in this facies are very poorly sorted diamicts but are distinct within the study area 
due to their low density, even grading and mostly subangular and angular clasts. The particle 
size curves given in figure 6.9 show how almost an equal proportion of the material falls in each 
class, whilst the mean against sorting co-plot (figure 6.11) shows how the sediment samples plot 
with means falling either side of zero phi and sorting coefficients higher than any other facies. 
Facies 
_QB 
These sediments contain a high proportion of gravel and cobbles with some fines, and are 
generally dense or very dense. The particle size curves show how the gravel/cobbles fractions 
often contain 50% or more of the sediment with the remaining part of the material evenly 
distributed between the sand and fines classes. In the mean against sorting co-plot these 
sediments are found in the coarser and most poorly sorted area of the plots (figures 6.11 and 
6.12). 
Fades D 2E 
The sediments in these 2 facies are largely soft clays and silts with a slight sand and fine gravel 
content in facies D*. The 2 facies plot in a distinct position on the mean against sorting co-plot 
(figure 6.11), E better sorted than D* but with both facies having the finest mean particle sizes of 
all the fades. 
Facies G 
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The sediments in this facies are silty sands with some slight gravel content with a range of 
densities. In the mean against sorting co-plot they have the best sorted values falling in the fine 
sand mean size range (figures 6.11 & 6.12). 
Fades I 
These sediments are similar in particle size terms to those in facies C, H having up to 50% of the 
material in the cobbles and gravel fractions, and a similar location in the the mean against sorting 
co-plot (figures 6.11 & 6.12). However, the distinct feature of this facies is the clast lithology 
which includes Old Red Sandstone constituents as well as the usual local grey sandstone from 
the Pennant Measures. 
Facies Z 
The sediments in this facies are also similar to C, H both in the descriptions and the position on 
the mean against sorting co-plot (figures 6.11 & 6.12). However, the materials are in general a 
little better sorted and have fewer cobbles in the coarser fractions. The lack of described Old 
Red Sandstone clasts provides the main difference from facies I which is similar in all other 
respects. 
The procedure adopted in this study to group together objectively similar sediments 
sampled from a study area produces as its outcome a suite of facies labelled strata. Using the 
original coordinates of these strata a spatial database can be created (see figure 6.7) to plot 
sections and 3-dimensional plots showing the form of the fades identified, and its position in the 
sedimentary architecture at the site. From these diagrams the stratigraphy of the site and its 
relationship to the geomorphology can be interpreted. 
The study area can be subdivided into 2 distinct elements for the purposes of the 
interpretation of the sediments: firstly, the area of the Black Lion bench; and secondly, the area 
on the west bank of the Taff. The 2 areas are literally distinct since as can be seen in figures 6.3 
and 6.4 the drift sediments have been completely removed along the line of the Taff. Taking the 
Black Lion bench first it can be seen in figure 6.13 that the bench is composed of up to 20m of 
interbedded sediments capped by up to 12m of coal spoil fill. The interbedding whilst complex 
shows some order ie facies G is found only in the higher (>120mOD) layers. Facies E and D' are 
also found mainly in the higher zones as thin stratified layers: these strata were not as thick as 
reported by Wright (1979), however, the 9m given there may be a zone within which the silts and 
clays occurred as interbeds which is comparable to this investigation. The lower parts of the 
bench are composed of either facies' C, H or A, B, F which form deposits of massive diamict 
overlying bedrock directly, forming a mound north south along the section. 
The cross valley section in figure 6.14 shows both the Black Lion area and the west bank 
of the Taff, with Borehole 5205 repeated and shown along with 5201 which shows the same 
sequence. The sediments on the west bank are altogether thinner at this point opposite the 
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bend in the Taff (for section location see figure 6.2) and have a simple statigraphy. The west 
bank sediments are all composed of the diamict group of facies A, B, F; C, H; and Z and extend 
above the level of the Black Lion bench up a steep slope; note that facies I with the exotic clasts 
is not present in this area or described from the bench. 
Figures 6.15 and 6.16 show 2 sections through the west bank of the Taff area at higher 
(figure 6.16) and lower (figure 6.15) levels on the slope. The sediments are thinner at higher 
levels and as in the last section have mainly diamicts present, however now with some facies I 
exotic clasts appearing at the base immediately over bedrock. The lower section (figure 6.15) is 
more complex and is not always complete downwards to bedrock which plunges from the north 
east off the slope. Here facies A, B, F is found overlying other diamicts in a laterally continuous 
layer principally facies C, H and Z, but also facies I in borehole 74. In boreholes 68,70 (figure 
6.15) some facies D* is found at about 132m OD, and at 146m OD in borehole 76 (figure 6.16). 
Using 3-dimensional plots to show a polynomial surface fit for the top surface OD of the 
facies' in both the boreholes and trial pits allowed the production of figures 6.17-6.21 to help in 
the visualisation of the physical form and location of the facies. Figures 6.17/ 6.18 and 6.20/ 
6.21 show the fitted surfaces of the 4 diamict facies groups A, B, F; C, H; I; and Z which all decline 
in attitude to the north east (and the Taff) off the slopes with some rise in the area of the Black 
Lion bench. Fades A, B, F (figure 6.17) appears to have a steep but smooth off slope form with a 
presence across the river as part of the Black Lion bench, whereas facies C, H (figure 6.18) 
appears significant on both sides of the Taff. In figure 6.20/ 6.21 facies' I and Z form off slope 
sheets too (Z is steeper), but neither of these is present in the Black Lion bench. Facies G in 
figure 6.18 shows a different pattern altogether only appearing in the Black Lion bench area and 
in the higher areas in the south of the study area pinching out altogether near the Taff bend. 
Along the outside of the bend in the Taff to the south of the Black Lion bench a very large 
exposure of the drift sediments has been created by the Taff undercutting a steep slope. The 
exposure is 90m in total length along the waterline in the plan form of a gentle curve, and 
reaches over 15m in height in various places as vegetation and topsoil slides away from the 
upper parts of the slope (plates 6.3,6.4 and 6.5 show the exposure north to south). The slope 
is inclined at between 90° and 60°, but in producing sections the varying slope angle lengths 
have been converted to vertical height equivalents. Four sections were logged along this 
section (figure 6.22) by abseiling down the tallest parts of the exposure; one clast fabric was 
measured in each of the lowest diamicts. The legend adopted for the logs uses log width 
proportional to average particle size and other standard symbols for diamicts and structure (see 
chapter 2) 
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The overall structure of the exposure shows a wedging in of a Dcm diamict from the north 
from 8m above the river in log D to between 3 and 4m where the hummocky surface of this 
diamict forms 2 topographic lows into which the other sediments are bedded. Underneath the 
Dcm is a distinct tabular unit of Dmm diamict containing Old Red Sandstone clasts extending 
below river level; rockhead is not seen adjacent to the section but outcrops are known from 
within 100m to the north, and may form the bed of the river. Above the 2 large diamicts the rest 
of the sequence is formed by a package of interbedded diamicts, sands/gravels and fines all 
dipping into the 2 lows between logs B and A and A and C, many of them stratified and some 
showing faulting in the vertical displacement of thin coal stringers in the sands (see log A at 7. Om 
above the river). 
Log D (figure 6.26) has the simplest stratigraphy being composed of only two main 
constituents: the diamict Dmm lying under the diamict Dcm, which has 2 bands of structureless 
fine sand within the lower 3m. However, moving to the south towards log B (figure 6.24), the top 
of the Dcm declines in height and a set of overlying sediments become exposed. The lower half 
of these are formed of stratified clayey silty sands (sometimes with gravel) dipping to the south at 
200 interbedded with thin upwardly-graded matrix-supported diamicts. The upper half of the 
section is composed of a thick (c. 4m) sequence of bedded sometimes slumped clayey silty 
sands overlying a thicker massive diamict. 
Log A (figure 6.23) lies 15m further to the south but shows only an approximate lateral 
continuity from log B, in particular showing a more complex pattern in the upper part of the 
section with sediments dipping in the opposite direction into a 'low', suggesting that the 
palaeoslope in this area was not parallel with the modern exposure. Most of the diamicts are 
matrix supported and stratified and are interbedded with sands and gravels and in one place with 
a stratified clayey silt. Log C (figure 6.25) is 20m to the south of log A and has a similar sequence 
however with pockets of diamict within the sands in some places. Note also that here the basal 
Dmm rises sharply up to almost wedge out the Dcm. 
The sedimentary architecture seen in this exposure is considered to be a close analogy to 
the sediment sequence on the other side of the river where only boreholes and trial pit 
descriptions are available. The same main groups of sediments are seen: various clast and 
matrix supported diamicts, including a dense Dmm with exotic clasts; some stratified sorted fine 
sands; and thin discontinuous clays and silts. The basal diamict with exotic and striated clasts is 
both very dense and has a clayey silt matrix and when a clast fabric was measured a clear well 
clustered pattern was seen in the clast orientations parallel to the valley long axis, along with an 
un-irp dart din (finure 6271_ This material is a tvnical lodgement till. (see table 61 below): 
A B C D E F G 
1 MEAN ATTITUDE STD DEV'N ABOUT X 
2 SITE/Lithofacies Si S3 FISHER cow FISHER 0. 
__ 3 SMVRS/Dmm 0.6499 0.0515 12/344 11 /347 39.22 39.3 
4 SMVRS/Dcm 0.606 0.1357 08/157 16/150 42.27 43.1 
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According to the Dowdeswell and Sharp classification, the Dcm diamict ('SMV/Dcm') and the 
Dmm diamict ('SMV/Dmm') plot as in figure 6.28 below: 





























However, Lewis (1983) suggested that the tills in this area are graded accordingly to the 
underlying sandstone bedrock grain size, and this area is underlain by coarse grained bedrock. 
Since the bedrock boundary between coarse and fine textures is approximately 500m to the 
north this material would seem to be a sedimentological "carry-over", demonstrating how basal 
lodgement till can be discharged under active ice. 
The Dcm is a massive boulder gravel in texture with the majority of clasts in the cobble size 
class and a sandy matrix. A clast fabric for this material (very hazardous to obtain due to the clast 
size! ) showed a weaker clustering of clast orientation than for the Dmm (figure 6.27) with some 
significant orientations across the main axis parallel to the valley. The majority of the dips are also 
down- rather than up-ice, which all taken together suggests a supraglacial melt out-origin. 
6.5. LANDFORM-SEDIMENT RELATIONSHIPS 
The landforms and sediments of this area show little direct relationship to each other due 
primarily to the comprehensive dissection of the valley in the study area in the post glacial 
period. The primary agents of this modification have been the River Taff through the erosion of 
its flood plain and slope processes on the steep valley sides. Due to the impact of these 
processes and the effects of man's activities the primary genetic imprint of the original glacial 
valley processes on the landforms has mostly been lost, although there is one major exception. 
On the east side of the valley the close morphological parallel between the slope of the 
upper surface of the diamict Dcm towards the south (figure 6.22 and section 4.4) and the 
position of the adjacent cross-valley ridge is striking (see figure 6.2 and section 3.5.3). The 
position and form of the Dcm sediment may be related to the morphology of the ridge making it 
the distal (southern) edge of a bouldery cobbley recessional moraine. Certainly the other 
sediments bedded off this 'wedge' of Dcm are related to melt-out (eg normal faulting) and a 
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supply of saturated material upslope, as is shown by the evidence of flow in the graded stratified 
diamicts. The sands and gravels and the other bedded fines may be related to the 
discontinuous and often ponded drainage in the ice marginal environment, which may have 
become established against the barrier of the rock bar in, the study area. 
Thus, in this area there are few preserved examples of constructional landforms remaining 
from the deglaciation of this part of the Taff Valley. However, the sedimentary architecture 
revealed beneath the surface landforms of slope modification and flood plain erosion dn show 
evidence of a sequence of events in the depositing of the sediments which can also be seen in 
the section and the boreholes/trial pits. Thus, In the section shown in figure 6.22, a sequence 
up from the depositing of a basal lodgement till (Dmm) under active ice can be Identified. Above 
this Dmm facies across a sharp boundary is another till (Dcm) wedging out to the south, with melt- 
out characteristics such as a poorly oriented clast fabric and very poorly sorted grain size. 
Bedded off this massive unit are a whole sequence of graded diamicts and sorted silts sands 
and gravel filling a topographic low, suggesting a source of water and sediment upsiope. This 
situation Is a close analogy to the model by Boulton and Paul (1976) of the reversal of 
topography in a ice marginal zone where sediments melt out from under a thick mantle of 
supraglacial load. 
Although clearly the borehole and trial pit descriptions do not allow quite this degree of 
precision in the reconstruction of the sediment sequence, several features revealed In the 
sections (figures 6.13-6.16) and the isometric diagrams (figures 6.17-6.21) do suggest that the 
section (figure 6.22) can provide a local model for the sedimentary architecture In the study area. 
Thus firstly, facies I can be seen to have a close similarity with the diamict Dmm in the section in 
sharing a poor sorting with a high percentage of fines (typically 20%), and being the only facies 
to have a significant content of exotic clasts. In distribution facies I appears In the majority of 
cases immediately over bedrock, however, largely in the lower parts of the valley cross profile, 
and seems to have the form of a blanket. Secondly, the facies C, H and Z appear to be similar to 
the Dcm in the section by virtue of their coarse grading and poor sorting. These facies also form 
a large part of the thickness of the valley floor Infill by glacial sediments, especially the basal part 
of the Black Lion bench which is immediately to the north of the river bank section. 
The other facies have a generally less continuous distribution over the study area. Thus, 
for example the facies' D' and E appear in thin laterally discontinuous layers generally above the 
facies C, H and Z (see figure 6.13) and may be infilling topographic lows as the same kind of 
materials are in the section due to impeded drainage. The fades G also seems to be restricted to 
the upper layers of the sequence and also has a limited distribution over the study area. Facies 
A, B, F may have an analogy In the section in the diamicts found high up in logs A and B formed 
as part of the Infilling of the lows between ice cored diamict ridges, or may be a non-glacial 
diamict related to slope processes since it is most continuous In the side slope areas (see figure 
6.15). 
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Thus, a basal lodgement till seems to be a widespread over the bedrock surface and 
covered by various diamicts similar to a supraglacial melt out till, which In one place may form a 
moraine over a rock bar in the valley long profile. Other sands and thinner diamicts are bedded 
into large basins in the surface of these diamicts, probably derived from mass movement off 
melting blocks of ice. Fine laminated silts and clays may indicate temporary glaciolacustrine 
conditions up valley of the moraine feature. 
Thus, landform-sediment relationships In this area may be seen to be complex and 
frequently related to the post glacial processes of landscape modification. However, it can be 
seen that the general organisation of the underlying sedimentary architecture may be revealed 
by a detailed examination of the sediments, and that this may still illustrate the most important 
features of the local sedimentary history. Clearly, the landform-sediment relationships seen in 
this area indicate no support for the simple sedimentological model of Eyles for a glaciated 
valley: other factors such as the gross topography (eg the rock bar) have a far greater influence 
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Figure 6.3 Isometric plot for the ground surface in the Taff S. of 












Figure 6.4 Isometric plot for the bedrock surface in the Taff S. of 
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Figure 6.5 Cluster tree of the relative similarities of the borehole 
sediment descriptions (left side) 
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Figure 6.7 Canonical variable plot for mule discrkninant analysis of clustered sediment descriptions 
CANONICAL VAp1ANLe 
C -11 
A -1 - 
N -If _ 
o - Ir D - 
N 2 .tA 
I 
f A ". ta. 1 De" _ _ 
1. - AA p _ 
-J"1AAr Sr - 
V _zeeer4e 
A -iC rt rrs D 
e 0 fArD 
JA eA Jr - 
A C C _ 
N -J "1 - 
L -CC  e D - 
a -JIC "D . 








-s " " 
..... . ..... . .............. ........ ......... . .... .... . . -7.5 -2.1 -. 70 . 10 2.1 7.5 4.1 e. 7 7.7 

























































































































































































































































































































































































































































O co OI 
a 
































































W c7 c9 c7 tý c9 c7 c7 c9 01 0 O7 c7 s s s s s s s - - - - - - - - - - - - - - - - - - 
c7 
0 
Fd cý ü 





a } } ý}. 
U h}- SZ 
U 
U) Fn 
Cý (7 (ýi (n 
at0 
co fA co 
Q 
(n >il (A 0 U' 0 U) U' N vv 0 N 









m Cl) co co (n Cl) co M fn U' d o fý M d N co to to I to N f4 In co 
N CO 
0 C) - 1 ý >- C) , 
cu 15 iB 0 ý 1 9 6 H M ý- l Q 
ýj 
g 
- co N Ed , 
- 1 I I 
s 

















lý II I 
I II I 
I 




E li M 
i 















I ý ( 
1-1 

























































































hhh fP !A l 9 h 
rr - 
Co l7 N 
WPW 
PW Pl 


























































rr r r r 
- 






































N N NN NN N N N N N 








rR I t q 











S2 Q 12 
0 2 2 
g 
> > O 









ý S2 SQ 
S2 
N ITS LS U' C'S V Z7 T 
Cý 




S2 J V V V Q 
300 
Figure 6.9 Particle size curves for the particle sediments sampled for each of the facies 
defined by description clustering 
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Figure 6.10 Particle size curves for the trial pit sediments sampled for each of the facies 
defined by description clustering 
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Figure 6.11 Borehole mean particle size against sorting 
co-plot for the description defined clustered facies 
Figure 6.12 Trial pit mean particle size against sorting 
co-plot for the description defined clustered fades 
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" Figure 6.17 S. of Merthyr Vale study area: 






Figure 6.18 S. of Merthyr Vale study area: 
" contour plot for the surface of C, H 
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Figure 6.19 S. of Merthyr Vale study area: 
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Figure 6.20 S. of Merthyr Vale study area: 
contour plot for the surface of I 
Figure 6.21 S. of Merthyr Vale study area: 98500 
contour plot for the surface of Z3s 5 
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T AFF 4 S. OF MERTHYR VALE AREA-S, OF BLACK UON RIVER BANK SECTION 
JS T 07945/98280 SECTION A ELEVATION AT BASE 1172m 
1.3m record: Medium don" brown poorly sorted silty day y SAND and grey sandstonsy 
m Particle s ize 
s iq. 4 to subrounded gravelly COBBLES (Dnvn) ( ) 
i Firm brown wall sorted dayey coarse SAND and subeng /ar to subrounded 
In. GRAVEL (Basal San firm brown gray very fissured CLAY and One GRAVEL) (Sm) t12- 
::: " 
Grey brown WHY bedded well sorted dw&y silty SAND t" Ihro fro gravel b9A (Sh) 
; y Grey WON sorted In. to medium SAND (+ tin cooly gravel bad) ISml 
G . ":. "> e -. -ý 
Brown dense dy. y silty SAND and subangular b su xounded GRAVEL (Sm) 
" e 
lý Loose brown grey clayey silty SAND and subanyuler to subrourd. d free GRAVEL (Sm) 
s. 
" iii 
f-Loose brown slightly dayey slightly silty SAND and costly prey sandsbmy GRAVEL (Sm) 
G11 
AA 14 Brown dense poorly sorted silty dyryr SAND It subangular to subounded fns GRAVEL(Drmi) 
G 




4 Firm brown laminated clayey sandy cony SILT 
4 Dense brown medium sated dayq Bitty SAND and subenguiar to wboundsd grey fin) 
10- 
o ... ". sandstoney Ifrw medium GRAVEL (Sh) 14 - Dense brown statified dayey silty SAND and I no GRAVEL 
G f Grey medium GRAVEL (coated with day; pink day bed at base) (Gin) 
"f 4 Dense brown medium sorted clayey silty SAND & subangular to subrounded Am GRAVEL(Sh) 
t0, - f_ý 14 
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p subrounded ooay GRAVEL (Sh) 
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8 -&-&. .4 
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__ 
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6 AA 1111- 
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Very dar" dark grey vary poorly sated slightly sandy silty CLAY and subanguiar to 
subrounded grey red sandsbney, quartzitie gravelly COBBLES (striated darts) (Dmm) 
310 
(Cj 6 2ý" TAFF 4 S. OF MERTHYR VALE AREA- S. OF BLACK LION RIVER BANK SECTION 
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Plate 6.1 View of the Taff Valley at Merthyr Vale looking south 
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Plate 6.2 View of the Taff Valley with the Black Lion terrace (right hand side) 
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LANDFORM/ SEDIMENT RELATIONSHIPS IN. GLACIATED 
VALLEYS: A METHODOLOGY 
7.1. INTRODUCTION 
The primary aim of this chapter Is to discuss the results and Implications of the study of 
landform-sediment relationships in some British glaciated valleys. The discussion has been 
subdivided into 5 sections which are summarised below. 
Firstly, the definition of a methodology for the study of landform-sediment relationships Is 
presented to attempt to measure the determinacy and Importance, of this association In glacial 
geomorphology / geology. Secondly, the key controls on the landform-sediment relationships 
in glaciated valleys are identified and are analysed by reference to the cases studied. Thirdly, 
the characterisation of glacial landforms and sediments is discussed to provide a commentary on 
the difficulties inherent in working with this data. Fourthly, the implications for engineering site 
investigation in glaciated valleys are discussed in order that the most effective approach might 
be made to the evaluation of terrain and materials. 
Finally the outlook for this form of analysis Is described and some recommendations for 
the scope of future work are described. 
The study of landform-sediment relationships in glaciated terrains as well as specifically In 
glaciated valleys cannot easily develop explanations for the widest range of conditions existing, 
for 2 main reasons. 'Firstly, the glaciated valley is a widely variable form of sedimentary trough as 
Money (1983) has noted in a study of the rockhead profiles. Secondly, the landscape 
(especially in glaciated valleys) is a palimpsest and develops complex sediment sequences as 
Brunsden and Thornes (1979) discussed. It is argued here therefore that the closest approach 
to a general explanation of these relationships lies In the definition of a methodology for their 
examination and study, which would define a basis for their interpretation. 
7.2.1 The information conveyed In landform-sediment relationships 
The most fundamental aspect of iandform-sediment relationships concerns the 
information which the relationship contains for the geomorphologist. The approach exemplified 
in the work of Goldthwaite (1988) In the Report on 'Classification of glacial morphological 
features' (INQUA Commission on the Genesis and Lithology of Glacial Deposits, Work Group 6), 
illustrates the common aspects of morphogenetic methodology. This work attempts to 
regularise the use of morphogenetic terms for landforms in use in glacial geomorphological and 
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Quaternary terminology and provides an authorised translation of these terms Into many 
different languages. The terms used in the scheme such as Rogen moraine (Lundqvist 1970) 
are usually closely defined by morphogenetic Interpretations and represent a direct Interpretive 
reconstruction of the environment of formation and the inferred processes leading to landform 
genesis, in order to predict the associated sediments. 
However, it is argued here that apart from In active glacial environments, where the 
processes and landforms can be seen to be directly associated, it Is more rigorous to Interpret 
landform-sediment relationships by considering observed landform shape as an expression of 
the three dimensional sediment geometry. In this way the shape of the landform matching the 
sedimentary components of the terrain are identified, allowing the sequence of terrain evolution 
to be reconstructed. The complexity of the glaciated valley terrain Is such that the use of a 
simple morphogenetic approach is likely to lead to erroneous Interpretations, and full 
consideration should be given to the sedimentary architecture. 
An example of this procedure being misapplied is in the identification of kame terraces in 
the the Taff Valley, by both Fookes et al. (1975) and Lewis (1983). A detailed analysis revealed 
that the features are overwhelmingly composed of clast supported diamicts up to 20m thick. In 
addition, the horizontal distance between the steep sided "kame terraces" identified falls to only 
100m in places and is seldom over 400m along Tkm of the valley. The bulk of the available 
evidence as discussed in chapter 5 would therefore suggest that the benches have been 
formed by the postglacial trenching of a former glaciated valley floor by the River Taff. ' 
A series of models for the explanation of glacial landform-sediment relationships has been 
presented for glaciated valleys over the last 13 years since Fookes et al. (1975), and have 
subsequently involved Boulton and Paul (1976), Boulton and Eyles (1979), Eyles and Dearman 
(1981) and Eyles (1983b). However, no definitive statement has appeared describing the 
functional value or specific application of the models which have been put forward to modem 
relict glaciated valleys. 
It is suggested here that whilst the models presented and illustrated in the w6r cite 
above usefully show the state of a glacier process system at a point in time, the conditions found 
as the sedimentary legacy of the system are not adequately described. The Eyles (1983b) 
model (figure 1.1) illustrates the glaciated valley landsystem at the height of the glacial episode 
to show the glaciological processes operating, but gives little indication of the terrain and 
materials expected to evolve and ultimately remain. The methodology discussed here is 
intended to stress the importance (especially to engineers) of the landform-sediment 
relationships as they survive and are encountered today. 
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Thus, it is suggested that the most useful form that a methodology for the Investigation of 
landform-sediment relationships could take would be one which identified the typical features 
preserved and provided a framework for their interpretation. In particular, 3 questions could be 
posed: 
1. What is the Iandform position in the landscape? -valley side, valley floor, confluence? 
2. What morphological control is evident in the Iandform? -controlled, parallel or transverse? 
3. What is the position of the feature in the sedimentary architecture? - buried, attenuated? 
7.3. LANDFORM/ SEDIMENT RELATIONSHIPS IN GLACIATED 
VALLEYS 
As has been illustrated in the case studies reported in this thesis a variety of key 
influences can be seen to crucially affect the nature of landform-sediment relationships In 
glaciated valleys. Climatic and topographic influences provide a primary framework for patterns 
of sedimentation at a scale of hundreds of metres which are locally dependent on glaciological 
factors operating at scales of a few tens of metres. An Important control over many of the 
glaciated valley sequences has to be the speed and manner In which deglaclation proceeded. 
Temporary halts in the general retreat, or the confinement of regional deglacial drainage to a 
valley as in Strathspey (NE of Kingussie) can also be vital and vary from valley to valley. 
The wider topographic environment Is clearly a vital consideration In the depositional 
history of an area. Money (1983) proposed a classification of glaciated valleys on the basis of 
their rockhead profile (see section 1.2.5.2) drawing particular attention to the tendency of 
glaciated valleys to have long profiles formed of basins separated by rock bars, as in the South of 
Merthyr Vale study area. These features can play a profound role In the patterns of 
sedimentation from ice especially during retreat, when the margin may stabilise on a rock bar and 
develop a moraine. Retreat from the rock bar may lead to large scale collapse when the snout 
floats off in a flooded glacially overdeepened basin, leading to some sedimentation In 
glaciolacustrine conditions. 
The angle of valley side slopes Is also an important control over terrain development 
during deglaciation and in the postglacial period. Where the valley sides are steep (as in the Taff 
Valley) lateral moraine development may be attenuated or overwhelmed by talus from the slope 
above. Postglacially the paraglacial movement of material down slope may bury the glacial 
sequence altogether as detailed by Wright (1983) in the Upper Clydach Vale in S. Wales. 
Conversely, when the valley side slopes are less steep as in the NE of Kingussie study area ice 
marginal drainage and off-glacier supraglacial sedimentation may develop depositing 
considerable quantities of sorted sediment and diamicts at the margin or cutting channels in the 
rockhead profile. 
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Regionally important processes can also be considered Influential in defining the 
landform-sediment relationships as seen In the Drumochter Pass and Upper Glen Truim study 
area. Thus, the location of the Ice limit in this area depended on the mass balance of the ice 
caps over the Gaick plateau and Rannoch Moor during the Loch Lomond Stadia) and the 
contributions of cirque Ice. Large meltwater flows can be delivered through a valley upon 
downwasting of a regional ice sheet, perhaps building a fan such as at the exit of Coire Chiurn In 
Upper Glen Truim, or cutting channels across the existing drainage and depositing sorted 
sediments as in the NE of Kingussie study area. 
The palaeotopography of an area at the various scales may also have a crucial role to play 
in providing a pre-existing sedimentary trap for deposition. At the Bridge 1, site of the NE of the 
Abercynon area the cutting of an incision by the postglacial Taff seems to have restricted the 
influence of the meltwater flows to a corridor confining of fluvioglacial sedimentation to this area. 
In the large river bank exposure in the South of Merthyr Vale study area the formation of large 
depressions in the diamicts at the base of the section appears to have provided the topographic 
framework for the inflow of sands, gravels and mobile diamicts from blocks of melting ice, 
developing a hummocky terrain along the valley floor. 
Postglacial change can also lead to the destruction of many of the primary features of a 
terrain, and operates as another key influence on the landform-sediment relationships. Thus, 
solifluction, fluvial erosion on the valley floor and large scale slope instability all rapidly act to 
destroy the record of primary glacial sedimentary processes. 
7.3.2 Sediment accumulation 
The accumulation of sediments is one of the most basic of the sedimentary processes 
representing the constructional components from which all sedimentary terrains are 
constructed. Therefore for an interpretation of the landform-sediment relationships of a terrain, 
it may be valuable to define and map the basic spatial elements of the accumulation. The simple 
bounding shape characteristics may be of use in establishing interpolations within areas of 
sparse data and extrapolations beyond the data areas In modelling studies. A technique which Is 
widely used in sedimentology is architectural element analysis (Miall 1985) which uses this 
shape information to characterise sedimentary bodies and fluvial sediments. 
An approach to the classification of the main controls on the environment of glacial 




Spatial factor Process 
1) Mode of formation dump 
slurry 
flows 
2) Container fill 
thru'put 
block, "abut 
3) Sediment supply continuous 
continuous 
episodic 
Medium Spatial characteristics 
solid not moving: heap, pile 
moving: ridge, transverse or parallel 
mobile fan; tabular cross section, radial in plan 
water channel: bedload, plan linear, tabular cross section 
basin: bed, plan extensive, tabular cross section 
*any* closed depression: stationary location 
water 'open depression: lateral moves, linear shape 
solid, " slurry slope reverse: sharp bound, laterally similar 
'any*`, ' feedback: -ve: attenuate; +ve: expansion 
'any` self adjusting: shifts laterallly 
'any' conditions: cyclical; hiatus sedimentation 
The factors shown represent the main controls over sedimentation and offer a basis for the 
development of site specific hypotheses of sediment accumulation spatial identity. The spatial 
characteristics give the grounds for the following and reconstruction of a sediment accumulation 
and may be used as a source of supporting data for interpolation and extrapolation in mapping 
the deposits. Schaeben (1988) suggests that such sedimentological knowledge be used along 
with existing X, Y, Z coordinates to improve polynomial surfaces fitted to sediment bodies. 
7.3.3 Sediment removal and redistribution 
The development of sedimentary systems however is always regulated by processes 
which tend to erode and modify pre-existing sediment accumulations. These processes tend to 
alter the shapes of the sedimentary bodies in avariety of ways some of which are tabulated 
below: 
DESTRUCTIONAL FACTORS 
Spatial factor Process Medium Spatial characteristics 







2) Energy supply continuous 
continuous 
episodic 
water body: bench cut by waves 
ice melt slope retreat: lowering slopes of deposit 
topographic reversal: sorted sediments elevated 
slurry, solid rotational: attenuation of shape, burial 
. 
translational: slope retreat, redistribution 
*any* feedback: -ve: attenuate; +ve: extension 
'any' self adjusting: shifts lateraIlly 
'any' conditions: cyclical; hiatus In erosion 
Once the identity of a sedimentary body has been hypothesised from sedimentary information, 
the exploration of its full spatial identity must anticipate attenuation or partition by destructive 
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processes. This table aims to identify the main factors operating and their spatial Impact on a 
sedimentary body. 
The collective effect of one or many cycles of constructive and desjructive processes 
referred to above is reflected in the construction of a terrain within the constraints of the overall 
control of key external influences on landform-sediment relationships. The final state of the 
glacial sedimentary system therefore does not develop an Integrated order similar to fluvial 
systems'. " Whereas the fluvial regime adjusts to local and regional energy gradients-and the 
processes are integrated along the channel by the continuity of flows, the glacial sedimentary 
system Is fragmented and prone to highly local expressions: thus there Is little or no auto- 
correlation in sediment patterns even over small areas. 
Explanations of Iandform-sediment relationships in glaciated environments have generally 
been focussed on the modern glaciological development of terrains (as seen In Eyles', models) 
and not on providing the tools of analysis for Pleistocene relict terrains, complex in genesis and 
relict, overlain by postglacial influences. Thus, It Is suggested here, that a methodology for 
landform-sediment relationships must recognise an essential Indeterminacy In the problem, but 
strive to offer an approach both to characterisation and to a spatial, reconstruction of the 
sediment bodies represented. Here therefore the object of the analysis is to Identify 2Ljgjn only 
so far as to develop an assessment of the controls on the constructive processes and the 
manner of operation of the destructive ones. 
In line with the approach suggested above, the specific landform-sediment relationships 
in the glaciated valleys studied in this work are tabulated here to show the constructive/ 
destructive development of 4 different terrains as reconstructed from the investigations. The 
terms used reflect simple geometric' descriptions of constructional features, and the change In 
shape or Identity due to the operation of destructive influences. 
The features identified are those forming the major constructional elements of the 
respective valleys as identified from the morphological maps, and represent landform 
associations. By tracing the constructional and destructive 'path' through the table a model of 
the sedimentary legacy associated with major landforms can be suggested. Thus, a "valley side 
bench" varies in constructional plan from a linear zone to laterally extensive, In cross section from 
ridge to wedge-shaped and is expected to vary in thickness according to the underlying 
topography. However, the destructive influences will attenuate the, feature at its margins, 
partition it, lower and cut through the slopes and in some valleys be buried by slope sediments. 
(The abbreviations are: unif. =uniform; >ing=increasing; thick. =thickness; var. =variable; lat. - 
laterally; atten. =attenuated; seds. =sediments; circ. =circular; transv. "transverse; extens. - 
extensive; thru=through; parab=parabolic; assn. -association; superimpn" superimposition). 
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The Strathspey NE of Kingussie study area: 
Landform assn. Constructive shape 
plan across along 
ridge linear ridge up/down 
valley floor terrace extensive . tabular unif. thick. 
fans radial , parabolic >ing thick, 
mounds, circ. /linear steep parab var. thick. 
valley side bench linear zone wedge var. thick. 
valley side slopes linear zones tabular >ing thick. 
channels linear trench up/down 
Destructive influences 
plan slopes superimpn. 
burial attenuation drape 
lat. atten. lowered mounds 
partitioned cut into fan 
lat. atten. lowered mounds 
partitioned - cut 
thru slope sods 
partitioned undermined slope sods 
partitioned lowered infill 
The Drumochter Lodge and Upper Glen Truim study area: 
Landform assn. Constructive shape Destructive Influences' 
plan across along plan slopes superlmpn. 
ridge linear ridge up/down partitioned attenuation " none' 
valley floor terrace extensive tabular unif. thick. lat. atten. lowered mounds 
fans radial parabolic >ing thick. partitioned undercut slope sods 
mounds linear steep parab ' var. thick. partitioned lowered none' 
valley side bench' linear zone ridge var. thick. partitioned lowered none 
valley side slopes linear zones tabular >ing thick. partitioned undermined slope sods 
channels linear trench down partitioned lowered infill 
The Taff Valley NE of Abercynon study area: 
Landform assn. Constructive shape 
plan across along 
fans radial tabular >ing thick. 
mounds linearltransv steep parab unif. thick. 
valley side bench linear zone wedge var. thick. 
valley side slopes linear zones tabular >ing thick. 
channels linear trench up/down 
cross valley ridge linear/transv ridge up/down 
slope foot lobes, linear wedge >ing thick. 
The Taff Valley S. 
Landform assn. 
valley side bench 
valley side slopes 
cross valley ridge 
of Merthyr Vale study ai 
Constructive shape 
plan across 
lat. extens. tabular 








plan slopes superlmpn. 
partitioned cut into slope sods 
lat. atten. lowered none 
attenuated cut thru slope sods 
partitioned slidesiflows none 
partitioned lowered intill 
attenuated lowered slope sods 
cut thru lowered, none 
Destructive Influences ", 
plan slopes superlmpn. 
attenuated cut thru slope sods 
partitioned undercut none '" 
attenuated lowered slope sods 
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7.4. CHARACTERISATION OF LANDFORMS AND SEDIMENTS 
The characterisation of landforms has generally attracted less attention that? that of 
sediments due to the existence' of one main intractable problem, le how to subdividq a 
continuous landform surface. Thus, the measured elevation approach (eg Evans 1980) 
requires the choice of an appropriate sampling strategy for the terrain, either in the selection of 
grid spacing or in the point choice for non-grid sampling. However, the feature-based 
subdivision of the terrain in morphological mapping (Savigear 1965) requires a decision on the 
level at which the subdivision must stop, and a spatial coordinate at which to start the 
subdivision. 
When Iandforms are held to be intact and largely unaltered a morphogenetic approach has 
been common, and the association of simple shape characteristics with origin and therefore 
sediments has been used in interpreting landform-sediment relationships. This approach has 
been widely used in the Scottish Highlands where the landforms are both younger (Loch 
Lomond Stadia[) In age and have been less prone to human disturbance (eg. Sissons 1976). 
However, elsewhere the difficulty in establishing a landform subdivision and the apparent 
destruction or modification of many features In the postglacial period has led to the belief that 
the landform evidence is indeterminate and not useful in the characterisation of sediments. 
However, the use of a feature based subdivision in this study taken to a fine scale (see 
figure 4.2) has demonstrated that significant information is carried in landforms however 
complex, and that the implications for the identification, of sediments can be significant. The 
Ith= of the features recognised however must be identified in 3 dimensions, and if possible 
with some assessment of the nature of the slopes to determine their formation as constructive or 
destructive in origin. 
The observation of sequence in landform analysis is also of great Importance in 
determining the order of depositional or erosional events and therefore the likely accumulation 
of sediments. The superimposition of sediments is generally spatially variable over quite short 
distances in glaciated valleys due to the lack of a widely Integrated set of sedimentary 
processes. Thus, for example in the Strathspey NE of Kingussie study area (Kerrow-Lynchat 
site) the discovery of an eroded mound of sediments isolated out on the modern Spey flood 
plain (figure 3.19) was found to be similar to the facies making up the bulk of the up slope ridge 
interpreted as an esker. The Spey appears to have partitioned this feature since the ridge and 
the mound lie approximately in line. 
The primary recommendation made In this study therefore is for the replacement of a 
morphogenetic approach to the study of landforms as complete relict surfaces of genetic 
indicators, with the characterisation of landforms as 3D expressions of complex constructional 
and destructive action. Since most landforms retaining a genetic glacial Influence In glaciated 
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valleys do not present such unambiguous evidence, it is suggested that they are first closely 
examined using a feature based subdivision of the terrain and the 3D shapes of the landforms 
and associated sediments characterised. This involves the production of a gazeteer of forms, 
with full Information recorded on the relationship to other forms le place in the correct position in 
the accumulation sequence, and note the adjacency of the feature to topographic controls. A 
search for indicators of constructional and destructive influences will provide additional 
evidence. 
In contrast to the characterisation of ländforms, the characterisation of sediments has 
attracted a great deal of attention, and the measures of sediment properties are well 
documented for both diamicts and sorted sediments. However, the approach to the 
characterisation of sediments has mainly concentrated on the examination of structure and 
composition in natural exposure, and has not considered the 3D shape of the sediment body. 
With the use of higher quality borehole equipment the sediment data over 3 dimensions has 
become available, however in a different form from that seen in natural exposure, with no 
information on structure. 
Note that the multivariate techniques used to parameterise and group the sediment 
descriptions have proved useful in defining 'centres of minimum variance' for'the multi- 
parameter data. However, it should be noted that the process of facies formation has used this 
procedure only as an objectively based start point from which to label the described strata. In 
general it was found that the use of factor analysis did not improve the formation of the grouping 
procedure, and it is not recommended for the analysis of sedimentological multi-parameter data 
sets. Key criteria for clustering cannot be generalised as they varied with the data: however, 
clearly the particle sizes a priori should lead in lithological fades definition. A final consideration 
in fades analysis concerns the assumption that fades can be always clearly identified and traced 
over any distance. This cannot be supported in glacial environments where lateral fades 
variability can be extreme (see Goitre Coed study area figure 5.28). Note also that Cohen (1979) 
in a study of fades transitions in a glacial lake delta showed that even in an Integrated process 
environment such as this, fades had a consistent probability to be random. 
The basis of the methodology In this work is that the sediment data from exposure and 
boreholes can be made comparable at a level of sedimentary identity equivalence to the 
formation in formal stratigraphic terminology (Hedberg 1976). The development of a 
methodology for the parameterisation of glacial sediment descriptions, clustering of cases and 
the exploration of group identity using discriminant analysis has allowed some preliminary 
indications to be gained for the nature of sediment identity In glaciated valley sequences. In the 
multivariate approach the definition of the facies approximates the centre of minimum variance 
amongst the equally weighted variables. This technique generates groups at different levels of 
mathematical difference in different data sets, and requires an intervention by the 
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sedimentologist to decide on the criteria used to group and identify the sediments. This 
approach however presents an objective structure for subdivision which is auto- structured 
according to the parameters with the greatest variance. 
When described at a natural exposure descriptions of the sediments are used to establish 
a formation in formal stratigraphic procedure. The formation, according to Holland et al. (1978) 
"should possess some degree of Internal lithological homogeneity, or distinctive 
lithological features that constitute a unity by comparison with adjacent strata" (p8) 
This procedure uses a key feature or features and the sediment boundaries present to define 
the formation, which are not necessarily those with the greatest across- exposure variance but 
possibly those with a special (or arbitrary) significance. However, whilst these grounds for the 
definition of the formation are primarily lithological there is likely to be little, difference between 
the groupings of sediments determined -using the 
2 procedures of borehole sediments 
grouping and formations identified in exposures. Note however that the borehole description 
based sediment grouping is more likely to have been established with a greater range of 
sediments in the sample due to the greater spatial extent of the samples across the area of data 
available. 
However, the procedure described by Eyles, Eyles and Miall (1983) rejects the approach 
used in formal stratigraphic procedure and suggests a sedimentological approach describing a 
sequence In terms of the lithofacies present at the smallest scale. This approach stresses the 
importance of the structures present to discriminate between the different varieties of diamict 
present, and is primarily aimed at a determination of sediment genetic origin. However, when 
the approach is used on an exposure (eg figure 6.22) it is evident that the discrimination 
determined often represents a new scale of sediment identity, and that when the lithofacies are 
grouped together at a higher level of similarity, comparable sediment grouping schemes are 
derived. 
Thus in figure 6.23 the following lithofacies are recorded (from the top, ignoring similar 
adjacentf codes): 
Dmm, Sm, Sh, Sm, Dmm, Sh, Fl, Dcm, Sh, Gm, Sh, Gm, Sh, Dms, Sh, Fl, Dcm, Dms, FVSh, Sh, 
Dcm, Dmm. 
Noting only the diamict/ non-diamict changes this sequence can be reduced: 
Dmm, Sm-h, Dmm, Sh-Fl, Dcm, Sh-Gm, Dms, Sh-Fl, Dcm-ms, Sh-Fl, Dcm-mm 
or 6 diamicts and 5 sorted sediments interbedded in 11 episodes. There are 7 different 
described sediments in total viz. Dcm; Dmm; Dms; Gm; Sh; Sm; and Fl. 
The sediment description grouping from boreholes in this area defined 6 distinct materials 
(using Folk 1954 ternary diagram to classify): -11 11 F- 
A, B, F (mG/gM); C, H (msGIG); D*, E (gM/M); G (gmS4g]mS/mS/sM); I (mG); Z (msg) 
An equivalence can be established as follows: 
A, B, F (mG/gM) Dmm 
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C, H (msG/G) Dcrn 
D*, E (gM/M) '. Ft"' - 
G (gmS/jg]mS/mS/sM) Gm, Sm, Sh 
I (mG) Dmm, 
. 
Z (msg) Dcm 
Given the independence of these lines of evidence this represents a good correlation and 
shows how the lithofacies seen in a section can be matched at a higher order of similarity or a 
change in: sedimentation patterns recognised widely in the local stratigraphy. It Is suggested 
therefore that some comparability between procedures can be established In sediment 
characterisation, making the analysis of borehole descriptions a viable approach to stratigraphy 
at the appropriate scale. 
The key reason to define borehole sediment facies is to investigate their basic 3D 
distribution. This approach has provided some useful insights into within terrain variability for 
facies and associations with landforms. In particular it demonstrates how the sediments can 
often contradict the landform evidence through the operation of equifinality: one landform but 
many potential formative processes. 
7.5. RECOMMENDATIONS FOR ENGINEERING SITE 
INVESTIGATION ý ., "'I" ' ... 
The British Standard Code of Practice for Site Investigations (BS5930,1981) recognises 
the importance of the use of geomorphology when it states In clause 9 that: 
"an understanding of geomorphological features may be valuable in interpreting 
the nature and distribution of soils and rocks" 
However, no detailed guidance is given in the code on the use of this knowledge, and the 
characteristics of the glaciated valley are not mentioned although commonly encountered In 
many engineering projects such as dams, roads and industrial and housing developments. This 
study has-used data collected by engineers to characterise landforms and sediments In 
glaciated valleys and has used the application of geomorphological knowledge of Pleistocene 
glacial environments to allow the interpretation of the terrain. - 
The approach-used by site investigation engineers can, be improved in 2 main areas: 
firstly, by the collection of some additional data or the- improvement of the quality of the data 
collected; and, secondly by the use of a greater amount of knowledge of the glaciated valley 
environment to assess the landform-sediment relationships evident. 
The improvement of the landform data collected would most of all Involve, the further 
Interpretation of the, air photos (already taken for almost all engineering projects), and used 
usually only for the preparation of detailed plans and contour maps. A morphological map for the 
terrain should be prepared and zones of the terrain defined by a feature based subdivision. This 
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would help in the estimation of cut and fill quantities for the earthworks and In the Interpretation 
of the glacial and non- glacial processes affecting the site. 
To improve the quality of sediment data collected, the main requirement is to extend the 
descriptions of the sediments recovered to reflect the particle size components of a sediment as 
closely as possible. The placing of a borehole for an engineering site investigation contract is an 
expensive and time consuming activity: the best possible return should be gained therefore in a 
full and accurate description, stating the quality of the recovery , apd 
the basis for the 
determination of the sediment identity. Thus, it is possible that the use of a diagram such as the 
ternary plot of Folk (1954) in the field may promote rapid and accurate characterisation. 
In particular an improvement in the quality of the logging of diamicts is needed so that they 
can be more accurately defined: one feature not reported at present is whether the sediment 
appears to be clast or matrix supported. The, identification of provenance details would also be 
useful in the logging details.. Using voucher specimens (type 1, type 2, ... typen etc. ) would 
mean that this operation did not become too time consuming, but may, allow, the separation of 
diamicts into distinct types and distributions. 
Several aspects of the sampling procedure for the boreholes and trial pits could also be 
improved to enhance the quantity and quality of Information gathered. With the completion of a 
geomorphological survey before the drilling (eg. Crimes et al. 1985, Spence 1978) the holes 
can be placed so as to obtain the optimum sample of sedimentary conditions across a site. A 
second stage of boreholes and trial pits can also be useful to explore problems Illustrated by the 
first survey.,., Note also that the locations of the points investigated Ideally ought to be surveyed 
in to the National Grid. 
When sampling the sediments retrieved from the borehofes and trial pits different tests on 
different strata are frequently made, such that comparability can only be achieved between a 
limited set of sediments. The most valuable test which can be carried out Is the particle size 
distribution, but the value of this test is often reduced by a premature curtailment of the 
determination at 40. Using the criteria of Swan, Clague and Lutternauer (1978) discussed in 
section 2.3.1.2. it can be, stated that the maximum quantity which should be left unanalysed 
before the particle size distribution becomes of little use due to truncation effects Is 12%. 
The primary sedimentological test available and currently not used which could be of 
considerable value in engineering site investigation is the clast fabric. This measurement, 
although tedious and time consuming to obtain produces good quantitative data on a sediment, 
giving an unambiguous estimate of the mass fabric and in the clast orientation axes 
interrelationships, which are a good measure of genetic origin. 
The thorough analysis of all this data and the preparation of a landform-sediment model for 
the engineering project would provide a method for the Identification of the terrain hazards and 
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the distinct sediment accumulations present. This assessment presented to the contractor and 
the design team at the start of a project would undoubtably reduce time and money lost In all 
engineering projects... 
7.6. THE POTENTIAL FOR FURTHER WORK 
Further work can be undertaken in a variety of areas which have yielded promising results 
in this study. The integration of geomorphology and sedimentology can clearly develop a new 
level of discrimination in terrain assessments, providing they are strongly data and not model- 
led. 
Hence it is recommended that the Iandforms be characterised In 3D form and context to 
assess the likely associated materials. The borehole and trial pit investigation of the sediments 
may then determine the range of the giacigenic materials present (at 'formation' level) and their 
spatial distribution. In examining the details'of the sediments there is further scope to establish 
the environments and processes of deposition in trial pits and exposures, which then in 
themselves may allow the determination of the range of facies likely to occur in the study area. 
The future challenge is In'fully applying this package of techniques to engineering problems in 
site investigation, to put this kind of analysis to wider and more effective use. 
In addition 2 further techniques for the study of landform-sediment relationships ought to 
be mentioned.. 
1. Architectural element analysis for glacial sediments- this form of sedimentary accumulation 
based analysis offers a clear structure for the characterisation for landforms and sediments, and 
more work ought to be conducted to begin to establish a gazeteer of forms and materials 
associated in different glacial environments. 
2. Slope frequency histograms for terrains- this form of landform analysis provides a technique 
to describe surface forms in areas of great complexity, but where genetic control over the 
patterns of slopes can help discriminate between alternative terrain explanations. 
Finally, it is suggested that a new model for landform-sediment relationships based on a 
thorough analysis of a large number of glaciated valleys become the objective of glacial 
geomorphologists. A model based on an inventory and explanation of what Is observed 
remaining in glaciated valleys would serve to Identify the sedimentary outcome and legacy of the 
active systems described by Eyles (1983b). 
331 
Aario, R (1977) Classification and terminology of morainic landforms in Finland. Boreas 6,87- 
100. Proceedings of the Symposium on the genesis of till, Stockholm 16-18/8/76. 
Aario, R (1985) Review: glacial geology - an introduction for engineers and earth scientists 
(Eyles, N ed. 1983). Boreas 14,160. 
Adam, CH (1985) Static electric core penetration testing in the glacial tills of Central Scotland. ln 
Forde, MC (ed) Proceedings International Conference on construction in glacial tills and 
boulder clays, 12-14/3/85, Edinburgh 
Agassiz, L. (1840) Etudes sur les glaciers. Neuchatel: H. Nicolet. 
Ahlmann, HW (1935) Contribution to the physics of glaciers. Geographical Journal 86,97-113. 
AI-Saadi, R and Brooks, M (1973) A geophysical study of Pleistocene based valleys In the Lower 
Swansea Valley, Vale of Neath and Swansea Bay. Proceedings of the Geological Association 
84,135-53. 
Alley, RB (1986) Deformation of till beneath ice stream B, W. Antarctica. Nature 322,57-9. 
Anderson, JCG (1974) The buried channels, rock floors and rock basins and overlying deposits 
of the South Wales Valleys from Wye to Neath. Proceedings of the South Wales Institute of 
Engineers 88,3-17. 
Anderson, JGC and Blundell, CRK (1965) The sub-drift rock surface and buried valleys of the 
Cardiff district, Proceedings of the Geological Association 76,367-77. 
Anderton, R et al. (1979) A dynamic stratigraphy of the British Isles. London: Allen & Unwin 
Andrews, JT (1971) Techniques of till fabric analysis. British Geomophological Research Group 
Technical Bulletin 6. 
Ashley, G; Shaw, J and Smith, ND (1985) Glacial Sedimentary environments. Society Economic 
Palaeontologists and Mineralogists Short course 16. Tulsa, OK: Society of Economic 
Palaeontologists and Mineralogists. 
Bak, PRG and Kunii, TL (1988) A modified octree structure for the representation of geo-objects 
in a mining database management system. Proceedings of the Conference of the Information 
Processing Society of Japan, 3/88, Tokyo. 
Barrow, G, Hinxman, LW & Craig, EHC (1913) The geology of Upper Strathspey, Gaick and the 
Forest of Atholl. Memoir of the Geological Survey of Scotland, sheet 64. 
Bazley, RAB. (1971) A map of Belfast for the engineering geologist. Quarterly Journal of 
Engineering Geology 4,313-4. 
Beckett, PHT and Webster, R (1965) A classification system for terrain. Report 872, Military 
Engineering Experimental Establishment, Christchurch. 
Bergstrom, E (1960) Some experiences mapping surficial deposits in N Sweden by means of air 
photo interpretation. International Archives of Photogrammetry 13(6), Communications 5-7, 
175-80 
Bevan, OM and Parkes, DB (1975) Tunnelling in glacial materials In the British Isles. In Hoole, RB 
(ed. ) The engineering behaviour of glacial materials, Proceedings Symposium University of 
Birmingham 21-23/4/75. Birmingham: Midland Soil Mechanics and Foundation Engineering 
Society. 
332 
Blankenskip, DD et at. (1986) Seismic measurements reveal a saturated porous layer beneath an 
active Antarctic ice stream. Nature 322,54-7. 
Boulton, GS (1975) The genesis of glacial tills. In Hoole, RB (ed. ) The engineering behaviour of 
glacial materials, Proceedings Symposium University of Birmingham 21-23/4/75. Birmingham: 
Midland Soil Mechanics and Foundation Engineering Society. 
Boulton, GS (1979) Processes of glacier erosion on different substrata. Journal of Glaciology 
23,15-38. 
Boulton, GS (1988) Late tertiary and lower Pleistocene deltas in the southern N. Sea. 
Proceedings of the Conference on 'Offshore-onshore Quaternary correlations around the 
British Isles', 8-9/1/88. Nottingham, Geological Society Marine Studies Group and Quaternary 
Research Association (abstract). 
Boulton, GS and Eyles, N (1979) Sedimentation by valley glaciers: a model and genetic 
classification. In Schluchter, CH(ed. ) Moraines and varves 11-23. Rotterdam: AA Balkema. 
Boulton, GS and Hindmarsh, RCA (1987) Sediment deformation beneath glaciers: rheology and 
geological consequences. Journal of Geophysical Research 92(B9) 9059-82. 
Boulton, GS and Paul, MA (1976) The influence of genetic processes on some geotechnical 
properties of glacial tills. QuarterlyJournalEngineering Geology 9,159-94 
Boulton, GS et at. (1985) Glacial geology and glaciology of the last mid-latitude Ice sheets. 
Journal Geological Society London 142,447-74. 
Bowen, DQ (1970) South-east and central S. Wales. In Lewis, CA (ed. ) The glaciations of Wales 
and adjoining regions, 197-228. London: Longman. 
Brand, G; Pohjola, V and Hooke, Rß. (1987) Evidence for a till layer beneath Storglaciaren 
Sweden, based on electrical resistivity measurements. Journal Glaciology 33,311.18. 
Bremner, A (1942) The origin of the Scottish river system. Scottish Geographical Magazine 58, 
15-20,54-9,99-103. 
Brenchley, PJ and Crimes, TP (1985) The application of geomorphological techniques to 
assessment of sand and gravel resources in an area to the south of Shrewsbury, U. K. 
Brodzikowski, K and Van Loon, AJ (1987) A systematic classification of glacial and periglacial 
environments, facies and deposits. Earth Science Reviews 24,297-381 
Brown, T (1871) On the old river terraces of the Spey, viewed in Connection with certain proofs 
of the antiquity of man. Proceedings of the Royal Society of Edinburgh, 7,399-407. 
Brown, EH (1960) The relief and drainage of Wales. University of Wales Press. 
Brown, EH and Cooke, RU (1977) Landforms and related glacial deposits in the Wheeler Valley 
area, Clwyd. Cambria 4,32-45. 
Brunsden, D and Thornes, J (1979) Landscape sensitivity and change. Transactions 
International British Geographers 4,463-84 
Brunsden, D et at. (1975) Large scale geomorphological mapping in highway design. Quarterly 
Journal of Engineering Geology 8,227-253. 
BS 1377 (1975) Methods of test for soils for civil engineering purposes. British Standards 
Institution, London. 
333 
BS 5930. (1981) Site Investigations. HMSO: London. 
Carter, P; Wallace, G and Cochrane, G. (1985) Till geology and earthworks "a Scots Ouair. 
Proceedings International Conference on construction in Glacial tills and boulder clays, 12- 
14/3/85, Edinburgh. (ed. Forde, M C). 
Carter, TG (1983). The site investigation and engineering characterisation of glacial and 
glacilacustrine matedals. Ph. D Thesis, University of Surrey. 
Carter, TG (1985) Some engineering implications of glaciological process classification to the 
construction of the Brenig Dam. In Forde, MC (ed. ) Proceedings of the International 
Conference on Construction in Glacial Tills and Boulder clays, 12-14/3/85, Edinburgh. 
Casagrande, A (1948) Classification and identification of soils. Transactions American Society of 
Civil Engineers 113,901-992. 
Chambers, R (1848) Ancient Sea Margins. Edinburgh. 
Charlesworth, JK (1955) Late glacial history of the Highlands and Islands of Scotland. 
Transactions of the Royal Society of Edinburgh. 62,769-928. 
Chattopadhyay, GP (1984) Ploughing blocks on the Drumochter hills. Geographical 
Journal, 149,211-15. 
Child, GH (1986) Soil descriptions- quo vadis?. In Site investigation practice: assessing BS5930 
(Hawkins, AB ed. ) 73-84.20th Regional Meeting of the Engineering Group of the Geological 
Society, University of Surrey, 9/84. 
Christian, CS. (1957) The concept of land units and land systems. Proceedings 9th Pacific 
Science Congress 20,74-81. 
Church, M and Ryder, JM (1972) Paraglacial sedimentation: a consideration of fluvial processes 
conditioned by glaciations. Geological Society America Bulletin 83,3059-72. 
Clark, AR and Johnson, DK. (1975). Geotechnical mapping as an integral part of site 
investigation: two case studies. Quarterly Journal of Engineering Geology 8,211-24. 
Clayton, L and Moran, SR. (1974) A glacial process-form model. In Coates, DR (ed. ) Glacial 
Geomorphology, 89-120. Proceedings 5th Annual Symposium In Geomorphology, 
Binghampton, New York. 
Clayton, CRI; Simons, NE and Matthews, MC (1982) Site Investigation. London: Granada 
Cocksedge, JE and Hight, DW (1975) Some geotechnical aspects of road design and 
construction in tills. In Hoole, RB (ed. ) The engineering behaviour of glacial materials, 
Proceedings Symposium University of Birmingham 21-23/4/75. Birmingham: Midland Soil 
Mechanics and Foundation Engineering Society. 
Cocksedge, JE. (1983) Road construction in glaciated terrain. In Eyles, N (ed. ) Glacial Geology, 
Oxford: Pergamon. 302-17. 
Coe, L and Cratchley, CR. (1979) The influence of data point distribution on automatic 
contouring. Bulletin International Association Engineering Geology 19,284-90. 
Cohen, 'JM (1979) Aspects of glacial lake sedimentation. Trinity College, Dublin, Ph. D thesis. 
Cooke, RU and Doornkamp, JC. (1974) Geomorphology in environmental management. Oxford: 
OUP. 
334 
Cornwell, JD. (1985) Geophysical characteristics of some British till deposits. In Forde, MC (ed. ) 
Proceedings International Conference on construction In glacial tills and boulder clays, 12- 
14/3/85, Edinburgh. 
CP2001 (1957) Code of practice for site Investigations. HMSO: London. 
Craig, RG (1982) Criteria for constructing optimal digital terrain models. In Craig, RG and Craft, JL 
(eds. ) Applied Geomorphology. London: George Allen and Unwin. 
Cratchley, CR and Denness, B (1972) Engineering geology in urban planning with an example 
from the new city of Milton Keynes. International Geological Congress 13,13.22. 
Crimes, TP et al (1985) Assessment of sand and gravel resources for an area south of 
Shrewsbury. Report to Department of Environment, Mineral Resources Research Unit. 
Culshaw, MG et al (eds. ) (1987) Planning and engineering geology. Geological Society, 
Engineering Geology Special. Publication 4,22nd Regional meeting of the Engineering 
Group of the Geological Society, Plymouth Polytechnic, 8-12/9/86. 
David, JE (1883) On the evidence of glacial action in south Brecknockshire and east 
Glamorganshire. Quarterly Journal of the Geological Society of London 39,39-54. 
Davis, JC (1986) Statistics and data analysis. New York: John Wiley and Sons. 
Dawson, MR and Bryant, ID (1987) Three dimensional facies geometry in Pleistocene outwash 
sediments, Worcestershire, UK. In Ethridge, FG et al. (eds. ) Recent developments In fluvial 
sedimentology (SEPM special publication 39), 3rd International Fluvial Sedimentology 
Conference. Tulsa, OK: Society of Economic Palaeontologists and Mineralogists. 
Day, R; Tucker, EV and Wood, LA (1983) The computer as an interactive geotechnical data bank 
and analytical tool. Proceedings Geological Association 94,123-132. 
Day, RB (1983) The development of an Interactive sustem for the storage and selective retrieval. 
of geotechnicat records In a computer databank. Queen Mary College, University of London, 
Ph. D thesis. 
Dearman, WR and Fookes, PG (1974) Engineering geology mapping for civil engineering 
practice in the UK Quarterly Journal Engineering Geology 7,223-256. 
Demek, J (ed). (1972) Manual of detailed geomorphological mapping. Prague: Academia. 
Derbyshire, E (1962) Late-glacial drainage in part of north-east Wales: 'an alternative hypothesis. 
Proceedings of the Geological Association 73,327-34 
Derbyshire, E (1975) Distribution of glacial soils In Great Britain. In Hoole, RB (ed. ) The 
engineering behaviour of glacial materials, Proceedings Symposium University of Birmingham 
21-23/4/75. Birmingham: Midland Soil Mechanics and Foundation Engineering Society. 
Derbyshire, E (1976) Total' fabric of some till landforms. Earth Surface Processes. 1,17-26. 
Derbyshire, E. (1984) Sedimentological analysis of glacial and pro-glacial debris: a framework for 
the study of Karakoram glaciers. Miller, KJ (ed. ) The International Karakoram Project 347-64. 
(Proceedings International Conference at Quaid-i-Azam University, Islamabad, Pakistan). 
Cambridge: CUP. 
335 
Dikau, R (1988) Case studies In the development of derived geomorphological maps. 
Geologisches Jahrbuch, "Construction and display of geoscientific maps derived from 
databases (forthcoming)". 
Donnelly, R. (1987). Glacial deposits at sites of opencast coal extraction In South Wales, UK 
Proceedings Xllth INQUA Congress, Ottowa, Canada. 31/7 - 9/8/87,158 (abstract). 
Dowdesweil, JA (1982) Relative dating of Late Quaternary deposits using cluster and 
discriminant analysis, Audubon Cirque, Mt. Audubon, Colorado Front Range. Boreas 11,151- 
61. 
Dowdesweil, JA and Morris, SE (1983) Multivariate statistical approaches to the analysis of late 
Quaternary relative age data. Progress in Physical Geography 7,157-76. 
Dreimanis, A (1984) Reply to Eyles, Eyles and Miall (1983) Sedimentology 31,885-6 
Dowdeswell, JA and Sharp, MJ (1986) Characterisation of pebble fabrics In modern terrestrial 
glacigenic sediments. Sedimentology 33,699-710. 
Dumbleton, MJ and West, G. (1974) Guidance on planning, directing and reporting site 
investigations. Transport & Road Research Laboratory Report LR 625. 
Easterbrook, DJ (1982) Physical criteria for distinguishing glacial deposits. American Association 
of Petroleum Geologists Memoir 31,1-10. 
Echelmeyer, K and Kamb, B. (1 987) Glacier flow In a curving channel. Journal of Glaciology 33, 
281-92. 
Ellis-Gruffydd, ID (1977) Late Devensian Glaciation in the Upper Usk Basin. Cambria 4,46-55. 
Embleton, CE (1956) Some stages in the drainage evolution of part of north-east Wales. 
Transactions Institute of British Geographers 23,19-35. 
Eschelmeyer, K and Zhang, W (1987) Direct observation of basal sliding and deformation of 
basal drift at subfreezing temperatures. Journal Glaciology 33,83-98. 
Evans, S (1979) An integrated system of terrain analysis and slope mapping. Final report on 
grant DA-ERO-591-73-G0040, US Army, European Research Office. 
Evans, IS (1980) An integrated system of terrain analysis and slope mapping. Zeitschrift fur 
Geomorphologie, supplementband 36,274-95. 
Eyles, N (1979) Facies of supraglacial sedimentation on Icelandic and alpine temperate glaciers. 
Canadian Journal of Earth Sciences 16,1341-61. 
Eyles, N (ed) (1983a) Glacial geology: an introduction for engineers and earth scientists. Oxford: 
Pergamon. 
Eyles, N (1983b) The glaciated valley landsystem. In Eyles, N (ed) Glacial Geology, Oxford: 
Pergamon. 91-110. 
Eytes, N (1983c) Modern Icelandic glaciers as depositional models for hummocky moraine in the 
Scottish Highlands. - In Evenson, EB et at. (eds. ). Tills and related deposits, 47.60. Rotterdam: 
AA Balkema. 
Eyles, N. (1987) Late Pleistocene depositional systems of Metropolitan Toronto and their 
engineering and glacial geological significance. Canadian Journal of Earth Sciences 24,1009- 
21. 
336 
Eyles, N; Clark, BM and Clague, JJ(1987) Coarse-grained sediment gravity flow facies In a large 
supraglacial lake. Sedimentology 34,193-216. 
Eyles, N and Dearman, WR (1981) A glacial terrain map of Britain for engineering purposes. 
Bulletin International Association of Engineering Geology, 24,173-84. 
Eyles, N; Dearman, WR and Douglas, TD (1983) The distribution of glacial landsystems in Britain 
and north America. In Eyles, N (ed). Glacial Geology. 213-28. Oxford: Pergamon. 
Eyles, CH and Eyles, N (1984) Glaciomarine sediments of the Isle of Man as a key to late 
Pleistocene stratigraphic Investigations in the Irish Sea basin. Geology 12,359-64. 
Eyles, N; Eyles, CH and McCabe, AM (1988) Late Pleistocene subaerial debris-flow facies of the 
Bow Valley, near Banff, Canadian Rocky Mountains. Sedimentology 35,465-80. 
Eyles, N, Eyles, CH and Miall, AD (1983) Uthofacies types and vertical profile models: an 
alternative approach to the description and environmental interpretation of glacial diamict and 
diamictite sequences. Sedimentology 30,393-410. 
Eyles, N and Rogerson, RJ (1977) Glacier movement, Ice structures and medial moraine form at 
a glacier confluence, Berendon Glacier, British Columbia. Canadian Journal of Earth Sciences 
14,2807-16. 
Eyles, N and Rogerson, RJ (1978a) A framework for the Investigation of a medial moraine 
formation: Austerdalsbreen, Norway and Berendon Glacier, British Columbia. Journal of 
Glaciology 20,99-114. 
Eyles, N and Rogerson, RJ (1978b) The sedimentology of medial moraines on Berendon 
Glacier, British Columbia: implications for debris transport In a giacierised basin. Geological 
Society America Bulletin 89.1688-93. 
Falconer, A (1972) Use of Q-mode factor analysis in the Interpretation of glacial deposits. 
Research methods in Pleistocene Geomorphology (Proceedings 2nd Guelph Symposium on 
geomorphology, 29-30/5/71. Norwich: Geoabstracts. 
Fisher, DM (1985) Stereo oblique aerial photography and analysis as a technique in the planning 
design of site investigations within areas of glacial till. In Forde, MC (ed. ) Proceedings 
International Conference on Construction in Glacial Tills and Boulder clays, 12-14/3/85, 
Edinburgh. 
Folk, RL (1954) The distinction between grain size and mineral composition In sedimentary rock 
nomenclature. Journal of Geology 62,444-59. 
Folk, RL (1966) A review of grain size parameters. Sedimentology 6,73-93. 
Fookes, PG (1967). Planning and stages of site investigation. Engineering Geology 2,81-106. 
Fookes, PG and Gray, JM (1987) Geomorphology and civil engineering. International 
Geomorphology 1,83-105. London: John Wiley. 
Fookes, PG; Gordon, DL; & Higginbottom, IE (1975) Glacial landforms, their deposits and 
engineering characteristics. In Hoole, RB (ed. ) The engineering behaviour of glacial materials, 
Proceedings Symposium University of Birmingham 21-23/4/75. Birmingham: Midland Soil 
Mechanics and Foundation Engineering Society. 
337 
Fookes, PG et al. (1975) Some soil properties in glaciated terrain- the Taff Valley, S. Wales. In 
Hoole, RB (ed. ) The engineering behaviour of glacial materials, Proceedings Symposium 
University of Birmingham 21-23/4/75. Birmingham: Midland Soil Mechanics and Foundation 
Engineering Society. 
Forbes, JD (1853)Norway and its glaciers. Edinburgh. 
Friend, PF et al (1976) Devonian sediments of E. Greenland 1: Introduction classification of 
sequences, petrographic notes. Meddelser Om Gronland V206(1). 
Gardiner, V(1983) The relevance of geomorphology to studies of Quaternary morphogenesis. 
In Briggs, DJ and Waters, RS. Studies in Quaternary Geomorphology. Proceedings 6th British- 
Polish Seminar. 1977. Norwich: GeoAbstracts. 
Gardner, JS (1987) Evidence for headwall weathering zones, Boundary Glacier, Canadian Rocky 
Mountains. Journal Glaciology 33,60-7. 
Geikie, A (1882) Geological sketches at home and abroad. London 
Geikie, A (1901) The scenery of Scotland. London. 
Geological Society Engineering Group Working Party (1972) The preparation of maps and plans 
in terms of engineering geology. Quarterly Journal of Engineering Geology 5,293-382. 
Goldthwaite, RP (1988) Classification of glacial morphological features. In Goldthwaite, RP and 
Matsch, CL (eds. ) Genetic classification of glacigenic deposits. Rotterdam: AA Balkema. 
Gomez, B and Small,. RJ; (1985) Medial moraines of the Haut Glacier d'Arolla, Valais, Switzerland: 
debris supply and implications for moraine formation. Journal of Glaciology 32.303-7. 
Grassie, DND (1983) Optimum isarithm interpolation in digital modelling. University of Durham, 
Ph. D thesis. 
Gravenor, CP and Kupsch, WO (1959) Ice disintegration features in W. Canada. Journal of 
Geology 67,48-64. 
Gray, JM (1975) The Loch Lomond Readvance and contemporaneous sea levels in Loch Etive 
and neighbouring areas of W. Scotland. Proceedings of the Geological Association 86,227- 
38. 
Gray, JM and Ballantyne, CK (1987) The Quaternary of Scotland: reviews In honour of JB 
Sissons. Quaternary Science Reviews 3,257 - 432. 
Griffiths, JS and Marsh, AH (1986) BS5930: the role of geomorphological techniques In a 
preliminary site investigation. In Hawkins, AB (ed. ) Site investigation practice: assessing 
BS5930 73-84.20th Regional Meeting of the Engineering Group of the Geological Society, 
9/84 University of Surrey. 
Grove, JM (1988) The Little Ice Age. - London: Methuen. 
Haavisto-Hyvarinen, M (1985) Drumlins in the Mikkeli Distyrict, SE Finland. Proceedings First 
International Conference on Geomorphology, Manchester, 9/85,236. 
Habbe, KA (1979) Considerations on the relations between landforms, sediments and genesis 
at ice margins of the Wurm maximum- based on geomorphological mapping In the area of the 
former Iller Glacier (Allgau/Bavaria). In Schluchter, C (ed. ) Moraines and Varves, 121-6. 
Rotterdam: AA Balkema. 
338 
Hagen, J0 (1983) Subglacial processes at Bondhusbreen, Norway: preliminary results. Annals 
of Glaciology 4,91-98. 
Hallet, B (1979) A theoretical model of glacial abrasion. Journal Glaciology 23 (Symposium on 
glacier beds: the Ice-rock interface, Ottawa, 15-19/8/78). 
Hallet, B and Anderson, RS (1980) Detailed glacial geomorphology of a proglacial bedrock area 
at Castleguard glacier, Alberta, Canada. Zeitschrift fur Gletscherkunde und Glazialgeologie 16, 
171-84. 
Haraldsson, H (1981) The Markarfljot Sandur area, S. Iceland: Sedimentological, petrographical 
and stratigraphical studies. Striae 15. 
Harbor, JM (1985) A comment on certain multivariate techniques used in the analysis of late 
Quatemary relative age data. Progress in Physical Geography 9,215-25. 
Harland, WB and Gayer, RA (1972) The Arctic Caledonides and earlier oceans. Geological 
Magazine 109,289-314. 
Harris, AL and Pitcher, WS (1975) The Dalradian Supergroup. In Harris, AL et al. (eds), Geological 
Society of London Special Report 6,52-75. 
Harris, C and Wright, MD (1980). Some last glaciation drift deposits near Pontypridd, South 
Wales. Geological Journal 15. 
" Hawkins, AB (ed) (1986) Site investigation practice: assessing BS5930. Geological Society, 
Engineering Geology Special Publication 2.20th Regional Meeting of the Engineering Group 
of the Geological Society, University of Surrey, 17-20/9/84. 
Hedberg, HD (ed) (1976) International Stratigraphic Guide: a guide to stratigraphic classification, 
terminology and procedure. New York: John Wiley and Sons 
Hinxman, LW (1901) The River Spey. Scottish Geographical Magazine 17,185-193. 
Hinxman, LW and Anderson, EM (1915) The geology of Mid Strathspey and Strathdearn. 
Memoir Geol ogical Survey of Scotland. 
Hodgson, DM (1982) The origin of hummocky and fluted moraine in part of NW Scotland, 
University of Edinburgh, Ph. D thesis. 
Hodgson, DM (1987) A study of fluted moraines In the Torridon area, NW Scotland. Journal of 
Quaternary Science 1,109-118. 
Holland, CH et al. (1978) A guide to stratigraphical procedure. Geological Society London 
Special Report 10. London: Geological Society. 
Holmund, P (1988) Internal geometry and evolution of moulins, Storglaciaren, Sweden. Journal 
of Glaciology 34,242-248. 
Hooke, RB; Miller, SB and Kohler, J(1988) Character of the englacial and subglacial drainage 
system in the upper part of the ablation area of the Storglaciaren, Sweden. Journal of 
Glaciology 34,228-231. 
Hoole, RB(ed. ) (1975) The engineering behaviour of glacial materials. Proceedings Symposium 
of the Midland Soil Mechanics and Foundation Engineering, Birmingham, 21-23/4/75. 
Iken, A at al. (1983) The uplift of Unteraargletscher at the beginning of the melt season -a 
consequence of water storage at the bed? Journal of Glaciology 29,28-47. 
339 
Imbrie, J and Purdy, EG (1962) Classification of modern Bahamian carbonate sediments. In 
Classification of carbonate rocks: American Association of Petroleum Geologists, Memoir 1, 
253-72. 
Innes, JL(1984) Debris flows In the Scottish Highlands. Ph. D thesis, University of Cambridge 
Jackson, I et al (1983) The sand and gravel resources of the country around Whitchurch and 
Malpas, Clwyd, Cheshire and Shropshire (Description of 1: 25,000 Sheet SJ44,54) Mineral 
Assessment Report 136, Institute of Geological Sciences 
James, C (1985) Glacial Sediments around Prees, N. Shropshire. British Sedimentological 
Research Group Annual Meeting, Cardiff, 15-18/12/85. 
Jardine, N and Sibson, R (1971) Mathematical taxonomy. London: John Wiley and Sons. 
Jones, PF and Derbyshire, E (1983) L. Pleistocene periglacial degradation of lowland Britain: 
implications for civil engineering. Quarterly Journal of Engineering Geology 16,197-210. 
Jones, TA (1988) Modelling geology in three dimensions. Geobyte February 1988,14-20 
Kamb, B and Engelhardt, H (1987) Waves of accelerated motion Ina glacier approaching surge: 
the mini-surge of Variegated Glacier, Alaska, USA. Journal of Glaciology 33,27-47. 
Karlen, W (1979) Glacier variations in the Svartisen area, northern Norway. Geografisker Annaler 
61A, 11-28. 
Karonen, 0 (1985) Geometric mine modelling: modelling of 3D objects based on Incomplete 
Information. Acta Polytechnic Scandinavica, Mathematics and Computer Science Series, 45. 
Kavouras, M& Masry, SE (1987) An information design. system for Geosciences: Design 
considerations. In Chrisman, NR (ed. ), Auto Carlo 8, Proceedings 8th International Symposium 
on Computer Assisted Cartography, 336-345,29/3-3/4/87. Baltimore, MD, USA. 
Kemmis, TJ and Hallberg, GR (1984) Reply to Eyles, Eyles and Miall (1983) Sedimentology 31, 
886-90. 
Kempton, JP. (1981) Three dimensional geologic mapping for environmental studies in Illinois. 
Environmental Geology note 100, Illinois State Geological Survey 
Karrow, PF (1984) Reply to Eyles, Eyles and Miall (1983) Sedimentology 31,883-4. 
Kiovan, JE (1966) The use of factor analysis in determining depositional environments from 
grain size distributions. Journal Sedimentary Petrology 36,115-25. 
Kravitz, JH (1983) Glacial and glacial marine sediment lithofacies of the Kane Basin. In MOLNIA, 
BF (ed. ) Glacial-marine sedimentation London: Plenum Press. 
Kruger, J and Humlum, 0 (1981). The proglacial area of Myrdalsjokull. Folia Geographica Danica 
Tom XV, 1. 
Krumbein, WC (1933) Textural and lithological variations in glacial till. Journal Geology 41. 
Lancaster, P and Salkauskas, K (1986) Curve and surface fitting: and introduction. London: 
Academic Press. 
Lawrance, CJ et al. (1977) The use of air photo interpretation for land evaluation in the western 
Highlands of Scotland. Catena, 4,341-57. 
Lawson, DE (1979) Sedimentological analysis of the western terminus region of the Matanuska 
Glacier, Alaska. Cold Regions Research and Engineering Laboratory Report 79-9. 
340 
Lawson, DE and Kulla, JB (1978) An oxygen isotope investigation on the origin of the basal 
zone of the Matanuska Glacier Alaska. Journal of Geology 86,673-85. 
Leggett RF (1974) Glacial landforms and civil engineering. In Coates, DR Glacial 
Geomorphology, 351-74. Proceedings 5th Annual -Symposium in Geomorphology, 
Binghampton, New York. 
--Lewis, CA (1970) The glaciations of Wales and adjoining regions. London: Longman. 
Lewis, -JD (1983) The engineering properties of glacial tills In the Taft Valley, S. Wales. Ph, D 
thesis, Polytechnic of Wales. 
Lewis, JD and Rowlands, GO ( 1985) A review of the methods for determining the permeability 
of glacigenic and associated deposits. In Forde, MC (ed. ) Proceedings International 
Conference on Construction in Glacial Tills and Boulder Clays, 12-14/3185, Edinburgh 
Linton, DL (1951) Watershed breaching by ice in Scotland. Transactions of the Institute of 
British Geographers 15,1-15. 
Lundqvist, J (1969) Problems of the so-called Rogen moraine. Svenske. Geologica 
Undersoeke 66 (12). :" 
Mark, DM (1975a) Computer analysis of topography: a comparison of terrain storage methods. 
Geografisker Annaler 57A, 179-88. 
Mark, DM (1975b) Geomorphometric parameters: a review and evaluation. Geografisker Annaler 
57A, 165-77. 
Mather, PM (1976) Computational methods of multivariate analysis In physical geography. 
London: John Wiley and Sons. 
Matheson, GD and Keir, WG (1978) Site Investigation in Scotland. Transport & Road Research 
Laboratory Report LR828. 
Matthews, JA; Cornish, R and Shakesby, RA (1979) Saw tooth moraines In front of 
Bodalsbreen, S. Norway. Journal of Glaciology 22,535-46. 
Matthewsm, JA and Petch, JR (1982) Within-valley asymmetry and related problems of 
neoglacial lateral moraine development at certain Jotunheimen glaciers, South Norway. Boreas 
11,225-47. 
May, RW and Dreimanis, A (1976) Compositional variability In tills. In Legget, RF (ed. ) Glacial Till, 
Royal Society of Canada Special Publication 12. 
Mayall, M and Astin, T (1988) Quantification of sediment body geometries and their Internal 
heterogeneities. British Sedimentological Research Group meeting, 1-2 March 1988. 
McGown, A (1985) Construction problems associated with the tills of Strathclyde. In Forde, MC 
(ed. ) Proceedings International Conference on Construction in Glacial Tills and Boulder Clay, 
12-14/3/85, Edinburgh. 
McGown, A; Anderson, WF and Radwan, AM (1975) Geotechnical properties of tills in West 
Central Scotland. In Hoole, RB (ed. ) The engineering behaviour of glacial materials, 
Proceedings Symposium University of Birmingham 21-23/4/75. Birmingham: Midland Soil 
Mechanics and Foundation Engineering Society. 
341 
McLellan, AG (1971) Some economic applications of research methods used in glacial 
geomorphology. In Yatsu, E et al (eds. ) Research methods In geomorpholgy: Ist Guelph 
Symposium on Geomorpholgy 1969. 
Menzies, J (1976) The glacial geomorphology of Glasgow with particular reference to the 
drumlins. Ph. D thesis, University of Edinburgh. 
Menzies, J (1981) Investigations into the Quaternary deposits and bedrock topography of 
central Glasgow. Scottish Journal of Geology 17,155-68. 
Miall, AD (1983a) Glaciofluvial transport and deposition. In Eyles, N (ed. ) Glacial Geology, Oxford: 
Pergamon. 
Miall, AD. (1983b) Principles of sedimentary basin analysis. New York: Springer-Verlag. 
... ' Miall, AD. (1985) Architectural-element analysis: a new method of fades analysis applied to fluvial 
deposits. Earth Science Reviews 22,261-308. 
Mitchell, GF et al. (1973). A correlation of Quaternary deposits in the British Isles. Geological 
Society of London Special Report 4. 
Mollard, JD. (1975) Landforms and surface materials of Canada- a stereoscopic airphoto atlas and 
glossary, 7th Ed. Regina: JD Mollard and Associations. Ltd. 
Money, MS (1983) Dam and reservoir construction in glaciated valleys. In Eyles, N (ed. ) Glacial 
Geology, 318-48. Oxford: Pergamon. 
Moms, W (1871) Icelandic Journal for 1871. Fontwell, Sussex: Centaur (Reprinted 1969). 
Murray, J and Pullar. L (1900) Bathymetrical survey of the Scottish freshwater lochs- Lochs of the 
Spey basin 11(2), 152-61. Geographical Journal 
Mykura, W; Ross, DL and May, F (1978) Sand and gravel resources of the Highland Region. 
Report 78/8. Institute of Geological Sciences. London: HMSO. 
Newbiggin, MI (1906) The Kingussie District: a geographical study. Scottish Geographical 
Magazine 22,285-315. 
Newell, WL (1970) Factors influencing the grain of the topography along the Willoughby Arch in 
N. Vermont. Geografisker Annaler 52A, 103-12. 
Norbury, DR; Child, GH; & Spink, TW (1986) A critical review of section 8 (BS5930)- soil and rock 
description. In Hawkins, AB (ed. ) Site investigation practice: assessing BS5930 73-84.20th 
Regional Meeting of the Engineering Group of the Geological Society, 9/84. University of 
Surrey. 
Norman, JW. (1969) Photointerpretation of boulder clay areas as an aid to engineering 
geological studies. Quarterly Journal of Engineering Geology 2,149-57. 
Nye, JF. (1976) Water flow In glaciers: jokulhlaups, tunnels and veins. Journal of Glaciology 17, 
181-207. 
Padmore, J (1987) Program SHEFFPOLL -a program for the zonation of stratigraphical data 
sets. Department of Probability and Statistics, University of Sheffield, Research Report 
304/87. 
Paterson, WSB (1981) The physics of glaciers (2nd edition). Oxford: Pergamon Press. 
342 
Peck, RB (1969) The advantages and limitations of the observational method In applied soil 
mechanics: Rankine Lecture. Geotechnique 19,171-87. 
Petrie, G and Kennie, TJM (1987) Terrain modelling in surveying and civil engineering. State of 
the art review of terrain modelling, British Computer Society Displays Group, London. 
Peucker, TK (1980) The Impact of different mathematical approaches to contouring. 
Cartographica Monographs 25,73-95. 
-Piotrowski, JA and Smalley, IJ (1987) The variation 'of the stress-strength ratio In deforming 
subglacial ground material and the formation of drumlins. Proceedings XII th INQUA Congress, 
Ottowa, Canada, 31/7-9/8/87,243 (abstract). 
Powers, MC (1953) A new roundness scale for sedimentary particles. Journal of Sedimentary 
Petrology 23,117-9. 
Price, RJ (1969) Moraines, sandur, Kames, and eskers near Breidamerkurjokull, Iceland. 
: Transactions of the Institute of British Geographers. 46, -17-43. ' 
Raper, JF. (1985) Report on meeting: International Conference on construction in glacial tills, 12- 
14/3/85. Edinburgh. Quaternary Newsletter 47,55-57. 
Raper, JF and Wainwright, DW (1987) The use of the geotechnical database GEOSHARE In site 
investigation data management. Quarterly Journal of Engineering Geology 20,221-230. 
Raper, JF. (1988a) The use of a sedimentological modelling system in the analysis of the 
sedimentary architecture of some glaciated valley sites. British Sedimentological Research 
Group meeting on Quantification of sediment body geometry and their Internal 
heterogeneities, Mayall, T. and Astin, T (Eds) (abstract).,. 
Raper, JF (1988b) Design criteria for a 3-dimensional geoscientific mapping system. NERC 
Computer Services Report 8,40-7. 
Raukas, A and Tauast, EK (1980) The influence of the bedrock relieg on the formation of glacial 
deposits and relief forms. International Geological Congress 26,684 (abstract). 
Raymond, CF (1971) Flow in a transverse section of Athabaska glacier, Alberta, Canada. Journal 
of Glaciology 10,55-84. 
Rhind, DW (1972) One sided constraints in automated contouring of drift thickness. Geological 
Society America Bulletin 83,2525-32. 
Rhind, DW and Sissons, JB (1971) Data banking of drift borehole records for the Edinburgh 
area. Institute Geological Science Report 71/15. 
Robin, G de Q(1976)ls the basal ice of a temperate glacier at the pressure melting point? Journal 
of Glaciology 16,183-96. 
Rogerson, RJ and Batterson, MJ (1982) Contemporary push moraine formation In the Yoho 
valley, British Columbia. In Davidson-Arnott, R et al (eds. ). Research in glacial, glacio-fluvial and 
glacial lacustrine systems. Proceedings 6th Guelph Symposium on Geomorphology, 1980. 
Norwich: Geobooks. 
Rose, J (1974) Small scale spatial variability of some sedimentary properties of lodgement and 
slumped till. Proceedings of the Geological Association 85,239-58. 
343 
Rose, J (1985) The Dimlington Stadial/Dimlington Chronozone: a proposal for naming the main 
glacial episode of the Late Devensian in Britain. Boreas 14,225-30. 
Rose, J(1987) Drumlins as part of a glacier bedform continuum. In Menzies, J and Rose, J (eds. ) 
Drumlin Symposium. Rotterdam: AA Balkena. 
Rothlisberger, F (1979) Discussion. Journal of Glaciology 23,385. 
Rothlisberger, I and Schneebeli, W (1979) Genesis of lateral moraine complexes, demonstrated 
by fossil soils and trunks; indicators of postglacial climatic fluctuations. In Schluchter, C (ed). 
Moraines and Varves, 387-420. Rotterdam: AA Balkema. 
Rowe, PW (1972) The relevance of soil fabric to site investigation practice: 12th Rankine 
Lecture. Geotechnique 22,195-300. 
Ryder, JM (1971) The stratigraphy and morphology of para-glacial alluvial fans in south central 
British Columbia. Canadian Journal Earth Sciences 8,279-98. 
Savigear, RAG (1965) A technique of morphological mapping. Annals of the Association of 
American Geographers. 53,514-38. 
- Schaeben, H (1988) The local improvement of geological surfaces by CADG methods, 
Geologisches Jahrbuch "Construction and display of, geoscientific maps derived from 
databases" (forthcoming). 
Seaberg, SZ et al. (1 988) Character of the englacial and subglacial drainage system In the lower 
part of the ablation area of Storglaciaren, Sweden, as revealed by dye-trace studies. Journal of 
Glaciology 34,208-16. 
Sharp, M (1985) "Crevasse-fill"- a landform type characteristic of surging glaciers? Geografisker 
Annaler 67A, 213-20. 
Sissons, JB (1969) Drift stratigraphy and buried morphological features In the Grangemouth, 
"°. Falkirk and Airth area, central Scotland. Tr. Institute British Geographical 48,19-50. 
Sissons, JB (1970) Geomorphology and foundation conditions around Grangemouth. Quarterly 
Journal Engineering Geology 3,183-91. 
Sissons, JB (1974) A Late glacial ice cap in the central Grampians, Scotland. Tr. Institute British 
Geographers 62,95-114. 
Sissons, JB (1976) Scotland (The geomorphology of the British Isles). London: Methuen. 
Sissons, JB and Cornish, R (1982) Fluvial landforms associated with ice dammed lake drainage 
in upper Glen Roy, Scotland. Proceedings Geological Association 94,45-52. 
Sissons, JB and Walker, MJC (1974) Late glacial site in the central Grampian Highlands. Nature 
249,822-4. 
Sladen, JA and Wrigley, W (1983) Geotechnical properties of lodgement till -a review. In Eyles, 
N (ed. ) Glacial geology, 184-212. Oxford: Pergamon. 
Soller, DR and Stone, BD (1987) GIS technology for a map of the glaciated United States east of 
the Rocky Mountains. US Geological Survey, GIS Symposium, Reston, VA, 2-4/6/87. 
Somerville, S (1983) Site investigation procedures and engineering testing of glacial sediments. 
In Eyles, N (ed. ) Glacial Geology, 247-74. Oxford: Pargamon. 
Sparks, BW (1971) Rocks and relief. London: Longman. 
344 
Spence, D (1978) A9 Kingussle-Aviemore: Aerial photograph Interpretation and 
geomorphological mapping. Internal memo, Soils Laboratory, Highland Regional Council. 
Squirrel, HC and Downing, D (1969) The geology of the S. Wales Coalfield Part 1: the country 
around Newport (3rd edn. ) Memoir of the Geological Survey of Great British London: HMSO. 
Swan, D; Clague, JJ and Lutternauer, JL (1978) Grain size statistics il: evaluation of grouped 
moment measures. Journal of Sedimentary Petrology 49,487-500. 
Terzhagi, K and Peck, RB (1967) Soil mechanics in engineering practice. John Wiley and Sons: 
New York, 2nd ed. 
Thomas, GSP and Dackombe, RV (1985) Comment and reply on "Glaciomarine sediments of the 
Isle of Man as a key to late Pleistocene Stratigraphic investigations In the Irish Sea basin". 
Geology 13,445-6. 
Thompson, KSR (1972) The last glaciers In W. Perthshire. University of Edinburgh, Ph. D thesis. 
Thorp, PW (1987) Late Devensian ice sheet in the W. Grampians, Scotland. Journal of 
Quaternary Science 2,103-112. 
Thurrell, RG (1981) Quarry resources and reserves: the identification of bulk mineral resources- 
the contribution of the Institute of Geological Sciences. Quarry Management (March) 181.93. 
Transport and Road Research Laboratory. (1979) Applications of the moisture condition test. 
Transport & Road Research Laboratory leaflet 818. 
Verstappen, HT (1983) Applied geomorphology: geomorphological surveys for environmental 
development. Oxford: Elsevier. 
Vickers, B (1983) Laboratory Work in Soil Mechanics. London: Granada 
Vinken, R (1986. Digital geoscientific maps: a priority program of the German Society for the 
Advancement of Scientific Research. Mathematical Geology 18,237-246. 
Vivian, R (1979) Discussion. Journal of Glaciology 23,386. 
Voight, B (ed). (1978) Rockslides and avalanches. Amsterdam: Elsevier. 
Walder, J and Hallet, B (1979) Geometry of former subglacial water channels and cavities. Journal 
of Glaciology 23,335-46. 
Walker, MJC (1975) A pollen diagram from the Pass of Drummochter, central Grampian 
Highlands, Scotland. Transactions of the Botanical Society of Edinburgh 42,335-45. 
Waters, RS (1958) Morphological mapping. Geography 43,10-17. 
Welsh Office (1969) A selection of technical reports submitted to the Abervan tribunal. London: 
HMSO. 
West, G (1986) Desk studies, air photograph interpretation and reconnaisance for site 
investigation. In Site investigation practice: assessing BS5930 (Hawkins, AB ed. ) 73-84,20th 
Regional Meeting of the Engineering Group of the Geological Society, University of Surrey, 
9/84. 
Whalley, WB (1975) Abnormally steep slopes on moraines constructed by valley glaciers. In 
Hoole, RB (ed. ) The engineering behaviour of glacial materials, Proceedings Symposium 
University of Birmingham 21-23/4/75. Birmingham: Midland Soil Mechanics and Foundation 
Engineering Society. 
345 
White, GW (1972) Engineering implications of stratigraphy of glacial deposits. Proceedings24th 
International Geological Congress, Sect 13 Engineering Geology, 76-82. 
Wolf, PR (1983) Elements of photogrammetry. London: Mc Graw-Hill. 
Woodcock, NH and Naylor, MA (1983) Randomness testing In 3 Dimensional orientation data. 
Journal of Structural Geology 5,539-48. 
Woodland, AW and Evans, WB (1964) The geology of the S. Wales Coalfield. Part 4. The 
country around Pontypridd and Massteg. Memoir Geological Survey Great British 
London: HMSO. 
Wright, MD (1979) Geological report on closed tip No. 158 at Black Lion Sidings, Merthyr Vale. 
National Coal Board, South Wales Geological Services, Report 2036. 
Wright, MD (1983) The distribution and engineering significance of superficial deposits in the U. 
Clydach Valley, S. Wales. Quarterly Journal of Engineering Geology 16,319-30. 
Young, JAT (1978) The landforms of Upper Strathspey. Scottish Geographical Magazine 94,76- 
94. 
Zalasiewicz, JA and Mathers, SJ (1985). A new approach to mapping tills. Proceedings 
International Conference on Construction In Glacial tills and boulder clays, 12.14/3/85. 
Edinburgh (ed. Forde, MC. ). 
Zevenbergen, L. W. and Thorne, C. R. (1987) Quantitative analysis of land surface topography. 
Earth Surface Processes and Landforms 12,47-56. 
Zupan, J (1982) Clustering of large data sets. Letchworth: Research Studies Press (John Wiley). 
346 
Chapter 3 
Highland Regional Council Site Investigation Report 166 " Kingussle to 
Aviemore"$. 
Chad 





Soil Mechanics Ltd, Taff Valley Trunk Road Phase 4, Contract 1&2, 
, Ground Investigation Ltd, Taff Valley Trunk Road Phase 4, Contract 1&2 
Additional site investigation 1981 
Chapter 6: 
Soil Mechanics Ltd, Taff Valley Trunk Road Phase 4, Contract 2, 
, 
Ground Investigation Ltd, Taff Valley Trunk Road Phase 4, Contract 2 





Quarterly Journal of En, 
. 
$Ieology, London, 1987, Vol. 20, pp. 221-230. Printed in Northern Ireland 
C 
The use of the geotechnical database `Geoshare' for site investigation 
data management 
J. F. Raper' & D. E. Wainwright' 
'Department of Geography and Earth Science, Queen Mary College, Mile End K 
7s/ 
Road, London El 4NS, UK 
2 Department of Civil Engineering, Queen Mary College, Mile End Road, ý"iý 
ZSo 
London El 4NS, UK 
Abstract 
A geotechnical database called Geoshare has been developed 
at Queen Mary College to act as a comprehensive data 
management tool for site investigation data (Wood et al. 
1982). It is capable of storing and searching `free format' 
geotechnical records, and is designed to handle all aspects of 
data management in a site investigation project, from the 
input of the records to the analysis of the retrieved 
information. The application of Geoshare to the reconstruc- 
tion of a superficial deposit stratigraphy is demonstrated, 
showing the use of the retrieval facilities as applied to 
borehole data collected in the site investigation for a trunk 
road scheme in S. Wales. The problems of poor 
borehole/trial pit log descriptions are dicusssed in the light of 
the use of Geoshare, and a software-compatible terminologi- 
cal format for log descriptions is suggested, adapted from an 
engineering based revision of British Standard 5930 (1981). 
Introduction 
During the last 7 years research at Queen Mary 
College has exploited new interactive computer 
technology for the development of a geotechnical 
database, leading to the establishment of the 
Geoshare system (Wood et at. 1982). The con- 
siderable potential of the Geoshare system for both 
the efficient input and storage of all geotechnical data 
in a non-precoded form was demonstrated by Day et 
al. (1983), making the rate at which the data could be 
stored rapid, and hence economic. However, recent 
development (Wainwright et al. 1985) has established 
an updated system capable of accepting all types of 
geotechnical data in completely free format style, 
where the input of a strata description in response to a 
screen prompt is verbatim from the original record, 
with the data being stored internally in character 
form. 
Accordingly, recent research has concentrated on 
solving the problems of free format input of all 
geotechnical data types, both to ensure greater 
realism in the storage of data, and also to allow the 
use of the database by non-skilled staff not familiar 
with geotechnical terminology or precoding mnemon- 
ics. In addition to the realization of these advantages, 
as the data is stored in its original report English, 
there is now considerable scope for the analytical 












investigation records, some examples of which will be 
reviewed in this paper. Improving the data output 
format has been another priority since many graphical 
forms of data are easier to evaluate, and preservation 
of the original report format allows an assessment of 
the data quality. Hence recent work means that the 
data can now be output in its original report form, for 
example, borehole details as a graphic log. 
System configuration and operating 
procedures 
The Geoshare system is mounted on the ICL 2988 
mainframe computer situated at Queen Mary College 
and is accessed by remote BBC graphics workstations. 
The basis of the software is a commercially available 
Codasyl Data Base Management System supported by 
a compatible Data Dictionary. The processing is 
executed by Cobol and Fortran code which allows the 
easy interfacing of applications called from Fortran, 
for example Gino graphics, which are currently used 
in Geoshare to format the graphical output. By 
making use of commercially available software 
Geoshare can offer all of the features required for any 
viable database system geotechnical or otherwise, 
such as a multi-user service, security, documentation, 
user friendliness and portability. Since this software is 
widely used it is also highly supported, and new 
developments can be quickly added to the system. 
The Geoshare system is accessed initially via 
password checking routines, with continuation of the 
session in a menu-driven mode. Input procedures 
allow the user to store any type of data shown in the 
input menus (Fig. 1), with an amendment and 
deletion facility available to authorized users. Within 
the retrieval mode (Fig. 2) there are two basic output 
types: firstly, reporting which covers output of logs, 
samples and tests, and secondly, analysis which covers 
the output of depth, strata and parameter details. 
Thus, the reporting procedures allow the rapid 
retrieval of any individual item of data, whilst the 
analysis routines provide the means to search the data 
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I 
5 As 12 with header 11 As 84+ water Grid letters 
6 As 13 with details 12 As x5+ water Grid references 
1 2 
Grid references Strata 
of boreholes/ details 
pits in area I 
Define Define 
area area 
1 2 3 
Strata Strata Strata 
top/ thickness Para- 




city Specify Specify 
strata strata strata 
GRAPHIC or 
LISTED OUTPUT 
1 20 screen 
2 3D screen 
3 2D plotter 
4 3D plotter 
Define new area 





1 2 3 
Strata Para- Para- 
details meter meter 
at spec. details details 
Illed at spec- in a 
depth If led depth 
I depth 7a 
Specify Specify Specify 
depth depth depth 

















Fro. 2. Retrieval menus for the Geoshare system. 
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store for specified information sets within defined 
areas. 
The application of Geoshare retrieval 
facilities to the investigation of a 
superficial deposit stratigraphy 
As one of the primary aims of the collection of site 
investigation data is to construct a local stratigraphy of 
the superficial deposits in relation to the engineering 
project planned, it seems appropriate to consider the 
use of Geoshare in this context. The following section 
therefore aims to show the use of the system as a data 
exploration tool applied to some typical procedures of 
a ground investigation project, especially where the 
superficial sediments are complex and require detailed 
sedimentological examination. The examples illus- 
trated in the figures are drawn from the site 
investigation data collected for phase 4 of the A470(T) 
Taff Valley Trunk Road, for Goitre Coed immediately 
north of Abercynon, Mid Glamorgan, and hence 
represent examples of the output and retrieval 
facilities of the Geoshare system as applied to the 
engineering assessment of a complex suite of glacial 
sediments. 
Once the data has been input and checked, the 
ground investigation specialist may initially request 
the output of data items in their basic record form. 
This would be used to provide working hard copy of 
the data for the users, for example, the output of 
borehole strata records (listing or graphic logs) where 
outline details of samples and in situ tests are included 
on the log (see example in Fig. 3). The samples and 
test results themselves can be listed out individually in 
full; the retrieval procedure produces output in the 
British Standard 1377 (1975) results format. The 
reporting procedures also provide a drafting tool by 
presenting the graphic logs in scaled spatial/vertical 
associations to produce fence diagrams (an example is 
shown in Fig. 4). No interpolation is involved as the 
fence diagrams represent user nominated sequences of 
borehole/trial pits. Other geological section applica- 
tions are available in Geoshare as described in Day et 
al. (1983). Thus, it is anticipated that the user would 
develop working hypotheses from the inspection of 
these logs, samples, tests and fence diagrams, which 
could be examined and tested through the use of the 
analytical data retrieval facilities discussed below. 
A Geoshare routine which can be used as a first 
step in reconstructing a superficial deposit stratigraphy 
is the output of specific depth details of the strata and 
parameters for a defined area. The user may specify 
any height level above or below Ordnance Datum for 
which a listing of strata is required. Figure 5 shows an 
example of such a depth search for the Goitre Coed 
area at 116.0 m above Ordnance Datum, showing the 
recorded strata in each borehole at that altitude. The 
usefulness of this facility is illustrated here when it is 
noted that, although the matrix of the largely 
gravel/cobble sediment shown in the logs varies from 
clayey silt to silty sand, comparison of these retrieved 
descriptions shows a recurrent clast composition of 
red or grey sandstone and/or quartzite. This suggests 
a sedimentological coherence for the sediments (which 
are probably tills) at this location in terms of clast 
provenance, which would not be apparent from 
looking at fence diagrams or the legends of borehole 
logs. 
The inspection of the depth details as in the 
example in Fig. 5, will then allow informed use' to be 
made of the strata retrieval routine, which will search 
the data records for the occurrence of any feature of 
the strata or associated parameter details defined at 
the terminal. The user is asked to define an area by 
giving the NW and SE corner points, and is then 
prompted for the details of the strata. The format of 
the definition requires the specification of primary 
sediment types (particle size classes), which are then 
each referenced (if necessary) by various classes of 
modifying detail: thus hardness (field strength), 
colour, texture and sediment modifiers may be 
specified, along with fracturing or stratification details, 
in exactly the same manner as a description would first 
be made. Thus the software routine searches first for 
the strata description with the appropriate main 
sediment type(s) specified, and then for the modifiers 
associated with it; once a particular strata description 
is recognized, its location is noted and added to the 
others already identified to form a retrieved data set 
giving the dimensions of the strata as sampled in the 
defined area. 
Once the stratum has been defined there are various 
characteristics of the retrieved data set which can be 
output, for example, the top surface height of the unit 
above Ordnance Datum or the unit thickness can be 
specified, with the final output listed or contoured. In 
the examples in Figs 6 and 7 the strata retrieval 
routine has been used to locate rockhead by searching 
for 'strong' sandstone in the Goitre Coed area. The 
retrieval altitudes are shown listed in Fig. 6 along with 
the format of the retrieval routine, and are shown 
contoured in Fig. 7. The surface produced in this case 
shows how the sandstone bedrock tends to dip steeply 
under the surface of the terrace at Goitre Coed shown 
in the ground surface contour plot illustrated in Fig. 8. 
This is interpreted as indicating that the terrace has 
originated as a valley infill of glacial sediments, which 
has been subsequently incised by the River Taff. 
Similarly, parameter test values can be output for 
the defined stratum to listings or contour plots. These 
facilities allow an accurate description of the 
characteristics and extent of the defined stratum to be 
built up rapidly; thus when all the strata at a given site 
are defined and output, the way in which the various 
strata are `stacked' on the bedrock surface can be 
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BH REFERENCE 9 BH LOCATION TAFF 4R 
GROUND LEVEL 94.62 GRID REFERENCE ST 088570 951330 
BH DIAMETER 250/101 DRILLING METHOD CP/RC 
START DATE 11/11/71 FINISH DATE 26/11/71 
DEPTH 
SAMPLE DEPTH INSIT DEPTH THICK DESCRIPTION OF STRATA EG 
NUMBER TEST NESS END 
0.40 1 0.50 0.50 
TOPSOIL 
0.50 2 0 70 YELLOW BROWN BLACK MOTTLED COALY SANDY CLAYEY ° 
1.20 1.20 . GRAVEL 
3 VERY DENSE RED BROWN MOTTLED VERY SANDY CLAY AND ° 
1.70 COBBLEY GRAVEL -- 
4 -- 
2.40 2.70 SPT 





3 . 80 8 4 . 
30 
9 4.40 
4.50 10 VERY DENSE BROWN SLIGHTLY SILTY SURROUNDED GRAVEL 00 
1.60 
AND COBBLES 00° 
6.00 
0 





FAINTLY WEATHERED JOINTED THINLY BEDDED GREY XX 
20.00 . STRONG SILTSTONE xx 
REMARKS DRILLED ON THE TAFF RIVER BANK END OF BOREHOLE 
FiG. 3. Graphical output from Geoshare showing a typical borehole log from the Taff Valley Trunk Road Phase 4 Site 
Investigation. For legend see Fig. 4. Heights are in metres above Ordnance Datum. 
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MG. 4. Cross-sectional fence diagram showing the graphic logs for a series of boreholes from the Taff Valley Trunk Road 
Phase 4 Site Investigation plotted across the River Taff, Abercynon, at the site of Bridge 1. The legend is from British 
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INPUT REQUIRED DEPTH USING ORDNANCE DATUM NEWLYN (m): 
,GX 
ED ARCYNCN: BEDROCK 
/-116.0 E' ýýi 
ST +089720 +955810 14A 
SUBROUNDED TO SUBANGULAR GRAVEL & COBBLES OF GREY 
SANDSTONE & QUARTZITE WITH A TRACE OF BROWN SILTY SAND 
ST +089920 +956540 23 
GREY SILTY CLAYEY SAND WITH SUBANGULAR TO SUBROUNDED 
GRAVEL COBBLES & SOME BOULDERS OF SANDSTONE 
ST +090250 . 956610 24 
FIRM DARK GREY BROWN SANDY SILT WITH SUBROUNDED 
TO SUBANGULAR GRAVEL COBBLES & BOULDERS OF 
GREY SANDSTONE RED GREEN SANDSTONE & QUARTZITE 
ST +090320 +956840 25 
BROWN SANDY CLAY WITH SUBANGULAR TO SUBROUNDED GREY 
SANDSTONE & SOME QUARTZITE GRAVEL & COBBLES 
ST +090420 +955050 306A 
FIRM ORANGE BROWN LIGHT GREY CLAYEY SILT WITH 
GRAVEL COBBLES &A FEW BOULDERS 
ST +089080 +955900 320 
SUBANGULAR TO SUBROUNDED GRAVEL a COBBLES OF GREY 
SANDSTONE & SOME RED SANDSTONE & QUARTZITE WITH 
A TRACE OF BROWN SILTY SAND 
ST +089030 +956190 321 
MEDIUM DENSE VERY SILTY CLAY WITH GREY SANDSTONE 
SUBANGULAR TO SUBROUNDED GRAVEL a SOME COBBLES 
ST +089180 +955950 322 
ROUNDED TO SUBANGULAR GREY SANDSTONE & SOME RED 
SANDSTONE & QUARTZITE GRAVEL & COBBLES WITH A 
TRACE OF BROWN SILTY SAND 
ST +090340 +955850 342A 
VERY DENSE BROWN SANDY SILT WITH RED & 
GREY SUBROUNDED TO SUBANGULAR SANDSTONE GRAVEL 
ST +090460 +956080 345 
YELLOW BROWN SLIGHTLY CLAYEY SAND WITH SUBANGULAR GREY 
SANDSTONE a SOME QUARTZITE GRAVEL COBBLES SOME BOULDERS 
ST +090440 +957350 349 
SUBANGULAR TO SURROUNDED GREY SANDSTONE & SOME RED 
SANDSTONE a QUARTZITE GRAVEL COBBLES & SOME BOULDERS 
ST +090060 +955050 P14 
DENSE GREY BROWN SILTY CLAYEY SAND WITH SOME 
SUBROUNDED GREY SANDSTONE GRAVEL COBBLES & BOULDERS 
Flo. 5. A listing of the strata for the Goitre Coed area in all 
Taff Valley Site Investigation boreholes at 116. O m above 




Input top left grid-reference for 
area within sheetST 
Eashngs ? 
l-0875 
North ngs 7. 
/-958 
Input bottom right gnd-ref 





The following details must be input 
to search for the specified strata. 
NB Only strata type is mandatory'. 
Strata type I 
/-SANDSTONE 
Hardness range (3 words max) 
, -STRONG' 
LithoiogiCal modifiers (3 words max) 
/_. 







87.50 88.00 88.50 89.00 89.50 90.00 
X AXIS *102 
Y AXIS *102 CONTOUR STEP 2.00 
FiG. 7. A contour plot of the Pennant Measures sandstone 
bedrock surface at Goitre Coed showing the Taff Valley Site 
Investigation data retrieved and output from the strata 
retrieval option in Geoshare. Scales given represent national 
grid coordinates for grid area ST. 
assessed. This information can then be used to 
characterize the shape of the various sedimentary 
bodies present in an area: from inspection of their 
morphology and material properties it has been 
possible in geomorphological analysis to suggest 
possible original environments of deposition. Boulton 
Texture (3 words max) 
Fracturing 
I- 
Strat ficat on 
For the specified strata, the following 
details are available ............... 1 Top level of specified strata... 
2. Top & bot. level of strata ......... 3 Parameter details of strata 
/-1 
ST +089720 +955810 14A +111790 
ST +090210 +957850 18 +119430 
ST . 089920 +956540 23 +114 810 
ST +090250 +956610 24 +102430 
ST +089080 +955900 320 +113.720 
ST +089030 +956190 321 +130160 
ST . 089030 +956190 321 . 115760 
ST +089800 +955600 340 +109 130 
ST +090220 +956220 343A +104620 
ST +088430 +955920 5001 . 118050 
ST +088510 +955950 5002 +115070 
ST +088340 . 955620 5003 +117 830 
ST . 088730 +956780 5502 +137090 
ST . 087640 . 955580 5004 . 117260 ST . 087640 +955580 5004 +115 860 
FIG. 6. This is the format and procedure for the Geoshare strata retrieval 
routine showing the listing of sandstone bedrock surface data points, which 
precedes the (optional) production of the contour plot which is shown in 
Fip_ 7 
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87.50 88.50 89.50 90.50 
X AXIS *102 
Y AXIS *102 CONTOUR STEP 2.00 
FIG. 8. Retrieved output from Geoshare showing the position and height 
above OD of all the Taff Valley site investigation boreholes in the defined 
area, with a contour plot of the ground surface derived from the heights of 
these boreholes. The deep trench running through the terrace in the 
eastern part of the plot which runs NE-SW is a railway cutting. Scales 
given represent national grid coordinates for grid area ST. Borehole points 
are labelled with their surface heights in metres above Ordnance Datum. 
& Paul (1976) have specified ranges of geotechnical 
properties which can be attributed to sediments of 
particular glacial environments and landforms: re- 
trieval of the above kinds of strata data through 
Geoshare can now allow the easier production of 
appropriate data to which Boulton & Paul's principles 
can be applied. 
By the use of these tools of data exploration it is 
anticipated that more sophisticated and rapid 
assessments of site investigation data can be 
accomplished, whilst also saving the user the time 
taken to extract data manually or draw up sections or 
logs. Further research using Geoshare is presently in 
progress to develop associations between the 
stratigraphy/sedimentology of glacial sediments and 
their surface morphology, correlations of which are of 
growing importance to rapid assessments in engineer- 
ing geomorphology in the UK. 
Problems in the management of site 
investigation data 
In the course of using the Geoshare system it has 
become apparent that the analytical retrieval of 
sediment data is made much more difficult by the 
non-standardization of borehole log descriptions and 
their grammatical complexity, where the sediments 
concerned are well graded and composed of many 
different particle sizes, such as tills and slope deposits. 
It seems worthwhile therefore to review briefly the 
basic nature of sediment log descriptions as specified 
using the British Standard Codes and revisions which 
apply, and to consider the implications for the use of 
geotechnical software to search log descriptions, at 
first in the context of the above research project. 
Typical terminological problems encountered in- 
clude the use of a rock name to describe the 
composition of a sediment type (i. e. particle size 
class), for example sandstone gravel or quartzite 
cobbles, where a computer search program would 
read sandstone and quartzite as lithologies in their 
own right, as rock strata. One possible solution to this 
problem would be the adding of a suffix to the word to 
distinguish its use as a sediment type modifier from 
that as a rock stratum, so as to give `sandstoney' or 
`quartzitic'. The most difficult problem however, is the 
searching of composite sediments where there are 
three or four sediment types of importance, all with 
their own modifying factors such as colour and 
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texture, giving complex, often poorly ordered 
descriptions. Accordingly, the computer software 
required to search log descriptions for a sediment type 
of interest would be unnecessarily complex and time 
consuming were it to be able to search for a sediment 
of any specification from amongst log descriptions 
prepared to any terminological standard. 
Hence some consideration has been given to how 
to develop the description procedures in section 8 of 
British Standard 5930 (1981) so as to allow efficient 
software handling, whilst retaining the full sense of 
the scheme. The primary objectives are to simplify the 
structure of the description, reduce the overall 
number of words and restrict the range of terminology 
used to the necessary minimum. These objectives are 
also clearly attractive to the engineering profession for 
reasons of efficient practice as indicated by Norbury et 
al. (1984) who recommended various amendments to 
British Standard 5930 section 8 including `a simplifica- 
tion and extension of terminology for description of 
secondary constituents in mixed soils'. 
Their amendments provide a good basis for 
improving the software compatibility of log descrip- 
tions, particularly in relation to Table 6 of British 
Standard 5930 `Field identification and description of 
soils', where the composite sediments section is 
considerably simplified by them. They recognize only 
two groups of sediment types: fine (clay and silt) and 
coarse/very coarse (sand, gravel, cobbles and 
boulders), with descriptions built up from each in a 
simple modular form, so that modifiers and main 
sediment types represent discrete groups in the 
description structure. For software handling this 
system is preferable as it neatly achieves the 
objectives for a description which are laid out above. 
In complex cases it should be noted that the 
description may become lengthy, especially when 
there are equal proportions of two main sediment 
types, which may each themselves have sediment type 
modifiers. This in itself would not pose problems for 
software when all the various modifiers are placed in 
front of each of the two main sediment types 
identified, with the two groups linked by `and' or 
'with'. Note that with any necessary additional 
information added at the end of this scheme, this 
would provide the basis for a standard description 
format which is also easily searched for key failures by 
simple and efficient software routines. Thus the typical 
format would be [after British Standard 5930 (1981) 
and Norbury et al. (1984), with additions]: 
strength, bedding, discontinuities, weathering, col- 
our, particle shape, particle composition; sediment 
modifier(s); 
main sediment type (with repetition of this 
sequence for an additional sediment type); 
additional information. 
Currently, the potential advantages of such a 
terminological scheme for the scope of data retrieval 
229 
from future standardized site investigation project log 
descriptions are under evaluation by inputting such 
data into Geoshare. Preliminary indications are that 
rapid and sophisticated strata searches for specified 
sediment units are more easily made when the data is 
supplied in this form, particularly when applied to the 
investigations of complex superficial deposits. 
Thus it is emphasized that whilst on the whole the 
computerization of site investigation data storage and 
analysis has excellent prospects, certain problems 
which are inherent in the format or terminology of the 
data do exist. In the Geoshare project these problems 
are being tackled in two ways, firstly by the flexible 
and sophisticated systems configuration designed to 
accept input of complex real data sets, and secondly 
by research into measures designed to reduce the 
impact of some of the data problems. 
Conclusions 
The development of Geoshare has aimed at the 
provision of a comprehensive data storage and 
retrieval facility for geotechnical engineering, which 
will act both as an archive and as an active data 
exploration tool for interactive use by skilled and 
unskilled personnel. Use of these tools of data 
exploration by the authors has demonstrated the real 
geomorphological/geological benefits to be derived 
from the application of Geoshare to the procedures of 
strata investigation in a site investigation project, and 
has illustrated the potential for further work. It is 
hoped now that the adoption of a standardized log 
description procedure with a simplified structure 
allowing easy and efficient software use, will allow yet 
more sophisticated use to be made of all strata and 
test data, and will fully extend the benefits of 
computerization to site investigation data manage. 
ment as a whole. 
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Figure 4.15 Morphological map of the landforms at 
the A9 Cutting study section 
Boreholes are indicated with a number 3-19 
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5.5 Morphological map of the Iandforms in the NE of Abercynon study area 
Exposures illustrated in figures are indicated with an number 1-8 
T Letters A=Abercynon; Q=Quakers Yard; E=Edwardsville 
Sections S1-3 for Bridge 1& S1-4 Goitre Coed are drawn in 
Numbers of boreholes are given on the cross sections 
Landform mapping symbols are given in figure 2.9 





.-'-Id_ Fi9ure4.2 Morphological map of the landforms in the Drumochter Lodge study area 
pýJ 'ý ', 
Points referred to in the text are indicated with a letter a-d Iý 
--- 
.L;: 
,ý, #_ý, ýý ýý 4 
Cross sections shown in zone 5 are for the terrace and flood plain identified in figure 4.14 
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